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Preface and Acknowledgments
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ters with new information and techniques, delete less
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and readable.

A major change in the second edition is the inclu-
sion of analyses for physical properties. It is recognized
that physical properties and chemical composition and
characteristics all are important for food quality. Chap-
ters on both chemical and physical properties are not
intended as detailed references, but as general intro-
ductions to the topics and the techniques. Course
instructors may wish to provide more details on a par-
ticular topic to students. Chapters focus on principles
and applications of techniques. Procedtres given are
meant to help explain the principles and give some
examples, but are not meant to be presented in the
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study questions, and key words or phrases are in bold
type, to help students focus their studies. Chapters
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new techniques and approaches.
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made that experience for me possible, and to those
who offered suggestions on topics and content to bet-
ter bring food industry relevance to the book.
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students to give chapters the appropriate content, rele-
vance, and ease of use. In addition to those authors, [
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chapter authors who are now deceased, Drs. Jorg
Augustin, Genevieve Christen, Eugenia Davis, and
Dick Kleyn. Their contributions to the first edition
were of great value to several chapter authors in this
second edition. I wish to thank the authors of articles
and books, as well as the publishers and industrial
companies, for their permission to reproduce materials
used here. Spedial thanks is extended to Melanie King
for providing exceptional word processing assistance
in the preparation of this book.
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Chapter 1 » Introduction to Food Analysis

1.1 INTRODUCTION

[nvestigations in food science and technology, whether
by the food industry, governmental agencies, or uni-
versities, often require determination of food compo-
sition and characteristics. Trends and demands of
consumers, the food industry, and national and inter-
national regulations challenge food scientists as they
work to monitor food composition and to ensure the
quality and safety of the food supply. All food products
require analysis as part of a quality management pro-
gram throughout the development process, through
production, and after a product is in the market. The
chemical composition and physical properties of foods
are used to determine the nutritive value, functional
characteristics, and acceptability of the food product.
The nature of the sample and the specific reason for
the analysis commorly dictate the choice of analytical
methods. Speed, precision, accuracy, and durability
often are key factors in this choice. Validation of the
method for the specific food matrix being analyzed
is necessary to ensure usefulness of the method. The
success of any analytical method relies on the proper
selection and preparation of the foad sample, carefully
performing the analysis, and doing the appropriate
calculations and interpretation of the data. Methods of
analysis developed and endorsed by several nonprofit
scientific organizations allow for standardized com-
parisons of results between different laboratories, and
for evaluation of less standard procedures. Such offi-
cial methods are critical in the analysis of foods, to
ensure that they meet the legal requirements estab-
lished by governmental agencies. Government regula-
tions and international standards most relevant to the
analysis of foods are mentioned here but covered in
more detail in Chapter 2, and nutrition labeling regula-
tions in the United States are covered in Chapter 3.
Internet addresses for many of the organizations and
government agencies discussed are given at the end of
this chapter.

1.2 TRENDS AND DEMANDS

1.2.1 Consumers

Consumers have many choices regarding their food
supply, so they can be very selective about the products

they purchase. They demand a wide variety of prod- .

ucts that are of high quality, safe, nutritious, and offer
a good value. Many consumers are interested in the
relationship between diet and health, 5o they use nutri-
ent content and health claim information from food
labels to make purchase choices. These factors create a
challenge for the food industry and for its employees.
For example, the demand for foods with lower fat con-
tent challenges food scientists to develop food prod-
ucts that contain fat content claims (e.g., free, low,

reduced) and certain health claims (e.g., the link
between dietary fat and cancer; dietary saturated fat
and cholesterol and risk of coronary heart disease).
Analytical methods to determine and characterize fat
content provide the data necessary to justify these
statements and claims. Use of fat substitutes in product
formulations makes possible many of the lower fat
foods, but these fat substitutes can create challenges in
the accurate measurement of fat content (1, 2).

1.2.2 Food Industry

To compete in the marketplace, food companies must
produce foods that meet the demands of consumers as
described previously. Management of product quality
by the food industry is of increasing importance, begin-
ning with the raw ingredients and extending to the final
product eaten by the consumer. Analytical methods
must be applied across the entire food supply chain to
achieve the desired final product quality. Downsizing
in response to increasing competition in the food indus-
try often has pushed the responsibility for ingredient

. quality to the suppliers. Many companies have select

suppliers, on whom they rely to perform the analytical
tests to ensure compliance with detailed ingredient
specifications.

Traditional quality control and quality assurance
concepts are only a portion of a comprehensive quality
management system. Food industry employees re-
sponsible for quality management work together in
teams with other individuals in the company responsi-
ble for product development, production, marketing,
and regulatory and consumer affairs.

Analytical information must be obtained, assessed,
and integrated with other relevant information about
the food system to address quality-related problems.
Making appropriate decisions depends on having a
knowledge of the analytical methods and equipment
utilized to obtain the data on quality characteristics. To
design experiments in product and process develop-
ment, one must know the operating principles and
capabilities of the analytical methods used to assess
results of the experiments to be conducted. Upon com-
pletion of these experiments, one must critically evalu-
ate the analytical data collected to determine whether
product reformulation is needed or what parts of the
process need to be modified for future tests. The situa-
tion is similar in the research laboratory, where knowl-
edge of analytical techniques is necessary to design
experiments, and the evaluation of data obtained
determines the next experiments to be conducted.

1.2.3 Government Regulations and
international Standards and Policies

To market safe, high quality foods effectively in a
national and global marketplace, food companies must
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pay increasing attention to government regulations-

and guidelines, and to the policies and standards of
international organizations. Food scientists must be
aware of these regulations, guidelines, and policies
related to food safety and quality, and know the impli-
cations for food analysis. Government regulations and
guidelines in the United States relevant to food analy-
sis, include nutrition labeling regulations (Chapter 3),
Good Manufacturing Practice (GMP) regulations
(Chapter 2}, and Hazard Analysis Critical Control
Point (HACCP) systems (Chapter 2). The HACCP con-
cept has been adopted not only by the United States
Food and Drug Administration (FDA) and other fed-
eral agencies in the United States but also by the Codex
Alimentarius Commission, an international organiza-
tion that has become a major force in world food trade.
Codex is described in Chapter 2, along with other orga-
nizations active in developing international standards
and safety practices relevant to food analysis that affect
the import and export of raw agricultural commodities
and processed food products.

1.3 TYPES OF SAMPLES ANALYZED

Chemical analysis of foods is an important part of a
quality assurance program in food processing, from
ingredients and raw materials, through processing, to
the finished products (3-7). Chemical analysis also is
important in formulating and developing new prod-

ucts, evaluating new processes for making food prod- .

ucts, and in identifying the source of problems with
unacceptable products (Table 1-1). For each type of
product to be analyzed, it may be necessary to deter-
mine either just one or many components. The nature
of the sample and the way in which the information
obtained will be used may dictate the specific method
of analysis. For example, process control samples are
usually analyzed by rapid methods, whereas nutritive
value information for nutrition labeling generally
requires the use of more time consuming methods of
analysis endorsed by scientific organizations. Critical
questions, including those listed in Table 1-1, can be
answered by analyzing various types of samples in a
food processing system. -

1.4 STEPS IN ANALYSIS

1.4.1 Select and Prepare Sample

In analyzing food samples of the types described pre-
viously, all results depend on obtaining a representa-
tive sample and converting the sample to a form that
can be analyzed. Neither of these is as easy ac it
sounds! Sampling and sample preparation are cov-
ered in detail in Chapter 5.

I Types of Saumples Analyzed in a Quality
Assurance Program for Food Products

Sample Type Critical Questions

Raw materials

Do they meet yout specifications?

Do they meet required legal specifica-
tions?

Will a processing parameter have to
be modified because of any change
in the composition of raw materiais?

Are the quality and composition the
same as for previous deliveries?

How does the material from a potential
new supplier compare to that from
the current supplier?

Did a specific processing step result
in a product of acceptable composi-
tion or characteristics?

Does a further processing step need
to be modified to obtain a final prog-
uct of acceptable quality?

Does it mekt the fegal requirements?

what is the nutritive value, so that
label information can be devei-
oped? Or is the nutritive value as
specified on an existing label?

Does it meet product claim require-
menis {e.qg., "low fat")?

Will it be acceptable to the consumer?

Wil it have the appropnate shelf life?

What are its composition and charac-
teristics?

How can we use this inlarmation o
develop new produzts?

How do the composition and charac-
teristics of a compiaint sample sub-
mitled by a cusiomer ditfer from a
sample with no problems?

Process control
samples

Finished product

Competitor's
sampie

Compiaint sample

Adapted and updated from (&, 8).

1.4.2 Perform the Assay

Performing the assay is unique for each component or
characteristic to be analyzed and mav be unique to =
specific type of food product. Single chapters in this
book address sampling and sample preparation
(Chapter 5) and data handling (Chapter 3), while the
remainder of the bock addresses the ster of actually
performing the assay. The descriptions of the various
specific procedures are meant to be overviews of the
methods. For guidance in actually performing the
assays, details regarding chemicals, reagents, appara-
tus, and step-by-step instructions are found in the ref-
erenced bocks and articles.

1.4.3 Calculate and Interpret the Results

To make decisions and take action based on the results
obtained frem performing the assay that determined
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the composition or characteristics of a food product,
one must make the appropriate calculations to inter-
pret the data correctly. Data handling is covered in
Chapter 4.

1.5 CHOICE AND VALIDITY OF A METHOD

1.5.1 Characteristics of the Method

Numerous methods often are available to assay food
samples for a specific characteristic or component. To
select or modify methods used to determine the chem-
ical composition and characteristics of foods, one must
be familiar with the principles underlying the proce-
dures and the critical steps. Certain properties of meth-
ods and criteria described in Table 1-2 are useful to
evaluate the appropriateness of a methed in current
use or a new method being considered.

1.5.2 Objective of the Method

Selection of a method depends largely on the objective
of the measurement. For example, methods used for
rapid on-line processing measurements may be less
accurate than official methods (see section 1.6) used for
nutritional labeling purposes. Methods referred to as
reference, definitive, official, or primary are most
applicable in a well equipped and staffed analytical
lab. The more rapid secondary or field methods may be
more applicable on the manufacturing floor in a food
processing facility. For example, refractive index may
be used as a rapid, secondary method for sugar analy-
sis (see Chapters 8 and.11), with results correlated to
those of the primary method, high performance liquid
chromatography (HPLC) (see Chapters 11 and 32).
Moisture content data for a product being developed in
the pilot plant may be obtained quickly with a mois-
ture balance unit that has been calibrated using a more
time-consuming hot air oven method (see Chapter 8).

1.5.3 Consideration of Food Composition
and Characteristics

The performance of many analytical methods is
affected by the food matrix, i.e., its chemical composi-
tion. For example, high fat or high sugar foods can
cause different types of interferences than low fat or
low sugar foods. Digestion procedures and extraction
steps necessary for accurate analytical results can be
very dependent on the food matrix. The complexity of
various food systems often requires having not just one
technique available for a specific food compoenent, but
multiple techniques and procedures, as well as the
knowledge about which to apply to a spedific food

maftrix.

A task force of AOAC International, formerly
known as the Association of Official Analytical
Chemists (AOAC), suggested a “triangle scheme” for
dividing foods into matrix categories (10-12) (Fig. 1-1).
The apexes of the triangle contain food groups that
were either 100% fat, 100% protein, or 100% carbohy-
drate. Foods were rated as “high,” “low,” or “medium”
based on levels of fat, carbohydrate, and proteins,
which are the three nutrients expected to have the
strongest effect on analytical method performance.
This created nine possible combinations of high,
medium, and low levels of fat, carbohydrate, and pro-
tein. Complex foods were positioned spatially in the
triangle according to their content of fat, carbohydrate,
and protein, on a normalized basis (i.e., fat, carbohy-
drate, and protein normalized to total 100%). General
analytical methods ideally would be geared to handle
each of the nine combinations, replacing more numer-
ous matrix-dependent methods developed for specific
foods. For example, using matrix-dependent methods,
one method might be applied to potato chips and
chocolates, which are both low protein, medium fat,
medium carbohydrate foods, but another might be
required for a high protein, low fat, high carbohydrate
food such as nonfat dry milk (11).

1.5.4 Validity of the Methed

Numerous factors affect the usefulness and validity of
the data obtained using a specific analytical method.
One must consider certain characteristics of any
method, such as specificity, precision, accuracy, and
sensitivity (see Table 1-2 and Chapter 4). However, one
also must consider how the variability of data from the
method for a specific characteristic compares to differ-
ences detectable and acceptabie to a consumer, and the
variability of the specific characteristic inherent in pro-
cessing of the food. One must consider the nature of the
samples collected for the analysis, how representative
the samples were of the whole, and the number of sam-
ples analyzed (Chapter 5). One must ask whether
details of the analytical procedure were followed ade-
quately, such that the results are accurate, repeatable,
and comparable to data collected previously. For data
to be valid, equipment to conduct the analysis must be
standardized and appropriately used, and the perfor-
mance limitations of the equipment recognized.

A major consideration for determining method
validity is the analysis of materials used as controls,
often referred to as standard reference materials or
check samples. Standard reference materials can be
obtained in the United States from the National Insti-
tute of Standards and Technology (NIST), in Canada
from the Center for Land and Biological Resource
Research, and in Belgium from the Community Bureau
of Reference (BCR). Numerous organizations offer
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1-2
[table |  Criteria for Choice Food Anatysis Methods
Characteristic Critical Questions Characteristic Critical Questions
Inherent properties Is the method very sensitive to slight or
moderate changes in the reagents?
» Specificity is the property being measured the * Eguipment Do you have the appropriate equip-
same as that claimed to be mea- ment?
sured? Are personnel competent to operate
What steps are being taken o ensure equipment?
a high degree of specificity? * Cost Whal is the cost in terms of equipment,
» Precision What is the precision of the method? reagents, and personnel?
is there within-batch, batch-to- :
batch, or day-to-day variation? LUsefulness
What step in the procedure . )
contributes the greatest variability? ¢ Timerequired How fast is it? How fast does it need to
* Accuracy How does the new method compare be? '
in accuracy to the old or a * Reliability How reliable is it from the standpoints of
standard method? precision and stabiiity?
What is the percent recovery? * Need Does té ;neet a need or better meet a
neea!’
Applicability of method Is any change in method worth the trou-
1o lahoratory ble of the change?
* Sample size How much sampile is needed? Personnel
Is it too large or too smalt to fit your i
needs? » Safety Are special precautions necessary?
Does it fit your equipment and/or » Procedures Who will prepare the written description
glassware? of the procedures and reagents?
* Reagents Can you properly prepare themn? Who will do any required calculations?
What equipment is needed?
Are they stable? For how long and
under what conditions?
Fat 100% Fat 100%
Fat 57% Fat 67% Fal 67% Fat 67%
Cho 33% Prot 33% Cho 33% Prot 33%
+ All Maxt Boiopas
+ Raw Pranets’ o\ctndalr Chaess
N Brown Mirstard
Fat 33% Fat 33% Fat 33% + Swan Chocoiate * N felass
Cho 67% Prot 67% Cho 67% G y, Prot 67%
» Full msvfln + Fried Chickan
« SpaghetiMeathalia 4‘
\ 2 R:,' {0
5 B 7 8 9 + Canned Axparagos - Sturgeoa
- o Row Conitfiownt o« ”\M:‘ « Soy Bolats
8 o 0 100% 100% Cho 67% Cho 33% 100%
Car!}glgy/&rale 5?3’: g-:,i"/f: g:z:l %:"n/': Protein Carbohydrate  Prot 33% Prot 67% Protein

Schematic layout of food matrixes based on protcin, fat, and carbohydrate content, excluding moisture and ash.
Reprinted with permission from (12), Inside Laboratery Management, September 1297, p. 33. Copyright 1997, by
AQAC International. - :
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check sample services that provide test samples to eval-
uate the reliability of a method (13). For example, the
American Association of Cereal Chemists (AACC) has
a check sample service in which a subscribing labora-
tory receives specifically prepared test samples from
AACC. The subscribing laboratory performs the speci-
fied analyses on the samples and retumns the results to
AACC. The AACC then provides a statistical evalua-
tion of the analytical results and compares the sub-
scribing laboratory’s data with those of other laborato-
ries to inform the subscribing laboratory of its degree of
accuracy. The AACC offers check samples such as flours
and semolina for the analysis of vitamins and minerals,
sugars, sodium, total dietary fiber, soluble and insolu-
ble dietary fiber, B-glucan, near infrared analyses, sar-
tation, and microbiology.

The American Qil Chemists’ Society (AOCS) has
a check sample program for oilseeds, oilseed meals,
marine oils, aflatoxin, trans fatty acids, oils/fats, and
various oil and fat constituents. Laboratories from
many countries participate in the program to check the
accuracy of their work, their reagents, and their labo-
ratory apparatus against the statistical norm derived
from the group data.

Standard reference materials are important tools to
ensure reliable data. However, such materials need not
necessarily be obtained from outside organizations.
Control samples internal to the laboratory can be pre-
pared by carefully selecting an appropriate type of
sample, gathering a large quantity of the material, mix-
ing and preparing to ensure homogeneity, packaging
the sample in small quantities, storing the samples
appropriately, and routinely analyzing the control
sample when test samples are analyzed. Whatever the
standard reference materials used, these should match
closely the matrix of the samples to be analyzed by a
specific method.

1.6 OFFICIAL METHODS

The choice of method for a specific characteristic or
component of a food sample is often made easier by the
availability of official methods. Several nonprofit sci-
entific organizations have compiled and published
these methods of analysis for food products, which
have been carefully developed and standardized. They
allow for comparability of results between different
laboratories that follow the same procedure, and for
evaluating results obtained using new or more rapid

procedures.

1.6.1 AOAC International

AOAC International (formerly the Association of
Official Analytical Chemists) is an organjzation begun

in 1884 to serve the analytical methods needs of gov-
ernment regulatory and research agencies. The goal of

- AOAC International is to provide methods that will be

fit for their intended purpose, i.e., will perform with the
necessary accuracy and precision under usual labora-
tory conditions.

This volunteer organization functions as follows:

1. Methods of analysis from published literature
are selected or new methods are developed by
AQAC International volunteers.

2. Methods are collaboratively tested using multi-
laboratory studies in volunteers’ laboratories.

3. Methods are given a multilevel peer review by
expert scientists, and if found acceptable, are
adopted as official methods of analysis.

4. Adopted methods are published in the Official
Methods of Analysis, which covers a wide variety
of assays related to foods, drugs, cosmetics, agri-
culture, forensic science, and products affecting
public health and welfare.

5. AOAC International publishes manuals, meth-
ods compilations in specific areas of analysis,
monographs, and the monthly magazine, Inside
Laboratory Management.

6. AOAC International conducts training courses
of interest to analytical scientists and other lab-
oratory personnel.

Methods validated and adopted by AOAC Inter-
national and the data supporting the method valida-
tion are published in the fournal of AOAC International.
Such methods must be successfully validated in a for-
mal interlaboratory collaborative study before being
accepted as an official first action method by AOAC
International. Details of the validation program (e.g.,
number of laboratories involved, samples per level of
analyte, controls, contrel samples, and the review
process) are given in the front matter of the AOAC
International’s Official Methods of Analysis. First action
methods are subject to scrutiny and general testing by
other scientists and analysts for at least two years
before final action adoption. Adopted first action and
final action methods are compiled in books published
and updated every four to fve years as the Official
Methods of Analysis (14) of AOAC International. Sup-
plements to the book are published yearly and contain
new methods and revisions to current methods. The
Official Methods of Analysis of AOAC International
includes methods appropriate for a wide variety of
products and other materials (Table 1-3). These meth-
ods often are specified by the FDA with regard to legal
requirements for food products. They are generaily the
methods followed by the FDA and the Food Safety and
Inspection Service (FSIS) of the USDA (United States
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[ table | Table of Confents of 1995 OMciol Methods of Analysis of AOAC Intemational (14)
Chapter Title Chapter Titls
1 Agricuiture Liming Materials 26 Distilled Liquors
2 Fertilizers 27 Mait Beverages and Brewing Materials
3 Plants 28 Wines
4 Animal Feed 29 Nonalcoholic Beverages and Concentrales
5 Drugs in Feeds 30 Coffee and Tea
6 Disinfectants 31 Cacao Bean and Its Products
7 Pesticide Formuiations 32 Cereal Foods
8 Hazardous Substances 33 Dairy Products
9 Metals and Other Elements at Trace Levels in Foods 34 Eggs and Egg Products
10 Pesticide and Industrial Chemical Residues 35 Fish and Other Marine Products
12 Microchemical Methods 37 Fruits and Fruit Products
13 Radioactivity 38 Gelatin, Dessert Preparations, and Mixes
14 Veterinary Analytical Toxicology 39 Meat and Meat Products
15 Cosmetics 40 Nuts and Nut Products
16 Extraneous Materials: |solation 41 Oils and Fats
17 Microbiological Methods 42 Vegetable Products, Processed
18 Drugs: Part | 43 Spices and Other Condiments
19 Drugs: Part |l 44 Sugars and Sugar Products
20 Drugs: Part llI 45 Vitamins and Other Nutrients
21 Drugs: Part IV 48 Color Additives
22 Drugs: Part vV 47 Food Additives: Direct
23 Drugs and Feed Additives in Animal Tissues 48 . Food Additives: Indirect
. 24 Forensic Sciences 49 . Natural Toxins
25 Baking Powders and Baking Chemicals 50 Infant Formulas and Medica! Diets

Department of Agriculture) to check the nutritional
labeling information on foods and to check foods for
the presence or absence of undesirable residues or
residue levels.

1.6.2 American Association of
Cereal Chemists

The American Association of Cereal Chemists
(AACC) publishes a set of approved laboratory meth-
ods, applicable mostiy to cereal products (Table 1-4).
The AACC process cf adopting the Approved Methods of
Analysis (15) is consistent with the process used by the
AOAC International and American Oil Chemists’
Society (AOCS). Approved methods of the AACC are
continuously reviewcd, critiqued, and updated. They
are printed in a looseicaf format, contained in ring
binders. Supplements containing new and revised pro-
cedures are provided annually.

~ 1.6.3 American Oil Chemists’ Society

The American Oil Chemists’ Society (AOCS) pub-
lishes a set of official methods and recommended prac-
tices, applicable mostly to fat and oil analysis (Table
1-5) (16). AOCS is a widely used methodology source
on the subjects of edible fats and oils, oilseeds znd
oilseed proteins, soaps and synthetic detergents,

industrial fats and oils, fatty acids, oleochemicals, glve-
erin, and lecithin.

1.6.4 Other Endorsed Methods

Standard Methods for the Examination of Dairv Froducts
(17), published by the American Public Health Associ-
ation, includes methods for the chemical analysis of
products (Table 1-6). Standard Methods for the Examira-
tion of Water and Wastewater (18) is published jointdy by
the American Public Health Association, American
Water Works Association, and the Water Environment
Federation. Food Chemicals Codex (19), published by the
Food and Nutrition Board of the National Rezearch
Council /National Academy of Science, ccatains m.oth

ods for the analysis of certain food additives. The
American Spice Trade Association {20), the Infant For-
rmula Council (21}, and the Corn Refiners Association
(22} are among the organizations that publish stardard
methods for the analysis of their respective products.

1.7 SUMMARY

Food scientists and technologists determine the chem-
ical composition and physical characteristics of foods
routinely as part of their quality management, product
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BE 4.‘ Table of Contents of 1995 Approved ] . 5 Table of Contents of 1996 Cfficial Maethods
| table | Methods of tha American Association of m and Recommended Practices of the
Coreal Chemists (15) American Oil Chemists’ Society (16)
Chapter Title Chapter Titls Section Title
2 Acidity 48 Oxidizing, Bleach- A Vegetable Oil Source Materials
4 Acids ing, and Matur- 8 Oilseed By-Products
6 Admixture of ing Agents C Commercial Fals and Oils
Fiours 50 Particle Size g g?ape?rr:d Synthetic Detergents
[ i i cer
g ?::;?:meds > Phg:g: 1 Dougn F Su)llfonated and Sulfated Qils
i0 Baking Quality 55  Physical Tests G Soap Stecks
12 Carbon Dioxide 55 Physicochernical H Specificatiens for Regents, Solvents, and
14 Color and Pig- Tests Apparalus
ments 58  Special Properties i Lecthin _
16 Cooking Charac- of Fats, Oils. and M Evaluation and Design of Test Methods
teristics Shortenings R Official Listings '
18 Drugs 60  Residues S Recommended Practices for Testing Industrial Qils
20 Egg Solids 61 Rice and Derivatives . _
22 Enzymes 62 Preparation of T Test Methods for Industrial Qils and Derivatives
26 Experimental Sample
Mitling 64 Sampling
28 Extraneous 66 Semclina Quality
Matter 63 Solids
30 Crude Fat 70  Solutions .
32 Fiber 71 Soybean Protein als to ensure quality results. Rapid methods used for
33 Flavor 72 Specific Volume quality assessment in a production facility may be less
36 Glossary 74 Staleness/Texture accurate but much faster than official methods used for
- Glten 8 Saren nutritional labeling. Endorsed methods for the chemi-
Analysis Principles cal analyses of foods have been compiled and pub-
40 inorganic Can- 80  Sugars lished by AOAC International, American Association
stituents 82 Tables of Cereal Chemists, American Qil Chemists’ Sodety,
42 Microorganisms 86  Vitamins and certain other nonprofit scientific organizations.
:g mg::ség:ins 88 Wac:t:l;l;ggatzon These methods allow for comparison of results be-
45 Nitregen 89  Yeast tween different laboratories and for evaluation of new

development, or research activities. For example, the
types of samples analyzed in a quality management
program of a food company can include raw materials,
process control samples, finished products, competi-
tors” samples, and consumer complaint samples. Con-
sumer, food industry, and goverrunent concern for
food quality and safety has increased the importance of
analyses that determine composition and critical prod-
uct characteristics.

To successfully base decisions on results of any
analysis, one must correctly conduct all three major

steps in the analysis: (1) select and prepare samples, (2)

perform the assay, and (3) calculate and interpret the
results. The choice of analysis method is usually based
on the objective of the analysis, characteristics of the
method itself (e.g. specificity, accuracy, precision,
speed, cost of equipment, and training of personnet),
and the food matrix involved. Validation of the method
is important, as is the use of standard reference materi-

or more rapid procedures.

1.8 STUDY QUESTIONS

1. Identify six reasons you might need to determine certain
chemical characteristics of a food product as part of a
quality management program.

2. You are considering the use of a new method to measure
Compound X in your food product. List six factors you
will consider before adopting this new method in your
quality assurance laboratory.

3. In your work at a food company, you mentioned to a co-
worker something about the Official Metheds of Analysis
published by AQAC International. The coworker asks you
what the term “AQAC” refers to, what AQAC Interna-
tional does, and what the Official Methods of Analysis is.
Answer your coworker’s questions.

4. For each type of product listed below, identify a publica-
tion in which you can find standard methods of analysis
appropriate for the product:

ice cream

. ensiched flour

wastewater {frorm food processing plant)

. margarine

ground cnnamon

Pan gy
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ERRAl:  Contents of Chapter 15 on Chemical and Physical Methods In Standard Methods for the Examination of

|_table | Dalry Products (17)

15.1  Introduction 15.10 Moisture and Solids

156.2  Acid Degree Value (Hydrolytic Rancidity) Vacuum oven

15.3 Acidity Vacuum oven, sand pan
Acidity: titratable Forced-draft oven

Acidity: potentiometric, pH
Acidity: titratable, potentiometric endpeint
Acidity: pH, gold electrode/quinhydrone method

Moisture, microwave oven
Moisture balance: dry mitk products
Refractometar: whey and whey products

. Kirchner, E. M. 1997, Fake fats in real food. Chemical &
Engineering News 75(16): 19-25.

. Flickinger, B. 1997. Challenges and solutions in composi-
tional analvsis. Food Quality 3(19): 21-26.

- Stauffer, J.E. 1988. Quality Assurance of Food Ingredients,
Processing and Distribution. Food & Nutrition Press, West-
port, CT.

- Gould, W.A. 1993. Total Quality Assurance for the Food
Industrivs, Techinomic, Lancaster, PA.

» Multon, J.-L. 1995. Analysis and Contro! Methods for Foods
and Agricultural Products, Vol. 1: Quality Control for Foods
and Agricultural Products. John Wiley & Sons, New York.

. Linden, G., and Hurst, W.J. 199. Analysis and Control
Methods for Foods and Agricultural Products, Vol. 2: Analut-
ical Techniques for Foods and Agricultural Products. john
Wiley & Sons, New York.

. Multon, }.-L., Stadleman, W.}., and Watkins, B.A. 1997
Analysis and Control Methods for Foods and Agricultural
Products, Vol. 4: Analysis of Food Constituents. John Wilev
& Sons, New York,

. Pearson, D. 1973. Introduction—some basic principles of
quality control. Ch. 1, in Laboratorv Techniguss in Food
Analysis, 1-26. John Wiley & Sons, New York.

10.

11.

12,

13.

14,
15.

16.

17.

18.

15.4  Ash and Alkalinity of Ash Solids in mik: lactormetric method
Ash gravimetric 15.11 Multicomponent Methods
Alkalinity of ash Infrared milk analysis: fat, protein, lactose, total sclids
15.5 Chioride (Sait) Near infrared analysis: fat, protein, total solids in milk
Mohr method Modified Kohman method: fat, moisture and salt
Volhard method in butter and margarine
Coulometric titration 15.12 Protein
156 Chloride, Available Kjeldahi standard
15.7 Extraneous Material Kieldahl {block digester)
Cheese Dye binding: acid orange 12
Milk, guantitative, laboratory analysis Undenatured whey protein nitrogen in nonfat dry
Milk, qualitative, Sani-guide mitk
15.8 Fat 15.13 Water: Added to Milk
Babcock method Thermistor cryoscope
Pennsylvania modified Babcock method 15.14 lodine: Selective lon Procedure
Roccal Babcock method 15.15 Vitamins A and D in Milk Products
Gerber method Vitamin A; HPLC method
Ether extraction (Roese-Gottlieb) method Vitamins D, and Dy, HPLC method
Mojonnier method 15.16 Pesticide Residues in Mitk
Automated turbidimetry 15.17 Radionuclides
Vegetable oil in milkfat (§-sitosterol) 15.18 References
15.9 Lactose in Milk
Polanmetric method
HPLC method
1.9 REFERENCES 9. Pomeranz, Y., and Meloan, C.E. 1994. Food Anafusis: The-

ory and Practice, 3rd ed. Chapman & Hall, New York.
AOAC International. July 1993, A food matrix organiza-
tional system applied to collaborative studies. The Referee
17(7):1,6,7. :

Lovett, R. A. 1997. US. food label law pushes fringes of
analytical chemistry, Inside Laboratory Mianagement 1{4):
27-28.

Ellis, C., Hite, D., and van Egmond, H. 1997. Develop-
ment of methoeds to test all food matrixes unrealistic, says
OMB, Inside Laboratory Management 1(8): 33-35.

Latimer, G. W,, Jr. 1997. Check sample rrograms keep
laboratories in sync. Inside Laboratory Management 1{<}:
18-20. o

AOAC Intemnational. 1995. Official Methods of Analysis,
16th ed. AOAC International, Gaithersburg, MD.
AACC. 1995. Approved Methods of Analysis, 9th ed. Amer-
ican Association of Cereal Chemists, St. Paul, MN.
AQCS. 1996, Official Methods and Recommended Practices,
4th ed. 2nd printing (Additions and revisions through
1995.) American Oil Chemists’ Society, Champaign, IL.
Marshall, R.1 (Ed.) 1992. Standard Methods Jor the Exami-
natior: of Dairv Products, 16th ed. American Public Health
Association, Washington, DC,
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1995. Standard Methods for the Examination of Water and
Wastewater, 19th ed. American Public Health Association,
Washington, DC,

19. National Academy of Sciences. 1996. Food Chemicals
Codex, 4th ed. Food and Nutrition Board, National Re-
search Council. National Academy Press, Washington
CC.

20. American Spice Trade Association, 1997. ASTA Analytical
Methods, $th ed. American Spice Trade Association, Inc.,
Englewood Cliffs, NJ. ‘

21. Infant Formula Council. 1995. Methods of Analysis Munual
for Infant Formulas. (updated periodically). Infant For-
mula Council, Atlanta, GA.

22. Com Refiners Assaciation. 1997. Standard Analytical Meth-
ods of the Member Compunies of Corn Industries Research
Foundation. Comn Refiners Association, Inc., Washington,
DC.

1.10 RELEVANT INTERNET ADDRESSES

American Association of Cereal Chemists
http:/ / www.scisoc.org:80/aacc/
American Oil Chemists’ Society
http:/ /www.aocs.org/
American Public Health Association
http:/ /www.apha.org/
AOAC International
http:/ /www.acac.org

Code of Federal Regulations :
http:/ /www.access.gpo.gov/nara/cfr/cfr-table-
search.html
Codex Alimentarius Commission
http://www.fao.org/waicent/faoinfo/eco-
nomic/esn/codex/codex.htm
Food Chemicals Codex
http:/ /wiwvw2.nas.edu/codex
Food and Drug Administration
http:/ /www.fda.gov .
Center for Food Safety & Applied Nutrition
http:/ /vin.cfsan.fda.gov/list.html
Current Good Manufacturing Practices
http:/ /vm.cfsan.fda.gov/~Ird /part110t.txt
Food Labeling and Nutrition
http:/ /vm.cfsan.fda.gov/label.html
Hazard Analysis Critical Control Point
http:/ /vm.cfsan.fda.gov/~Ird /haccpsub.
htmnl
National Institute of Standards and Technology
http:/ /www.nist.gov
U.S. Department of Agriculture
http:/ /www.usda.gov
Food Safety and Inspection Service
http:/ /www.usda.gov/fsis
HACCP/Pathogen Reduction
http:/ /www.usda.gov /agency/fsis/
imphacep.htm
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2.1 INTRODUCTION

Knowledge of government regulations relevant to the
chemical analysis of foods js extremely important to
persons working in the food industry. Federal laws and
regulations reinforce the efforts of the food industry to
provide wholesome foods, to inform consumers about
the nutrifonal composition of foods, and to eliminate
economic frauds. In some cases, they dictate what
ingredients a food must contain, what must be tested,
and the procedures used to analyze foods for safety
factors and quality attributes. This chapter describes
the United States federal regulations related to the
composition of foods. The reader is referred to refer-
ences 1-6 for comprehensive coverage of United States
food laws and regulations. Many of the regulaticns
referred to in this chapter are published in the various
Titles of the Code of Federal Regulations (CFR) (7).
This chapter also includes information about food
standards and safety practices established by interna-
tional organizations. Internet addresses are given at the
end of this chapter for many of the government agen-
cies, organizations, and documents discussed.

2.2 UNITED STATES FEDERAL
REGULATIONS AFFECTING
FOOD COMPOSITION

2.2.1 United States Food and
Drug Administration

~ The Food and Drug Administration (FDA) is a United

States government agency within the Department of
Health and Human Services (DHHS). The FDA is
responsible for regulating, among other things, the
safety of foods, cosmetics, drugs, medical devices, bio-
logicals, and radiological products. It acts under laws
passed by the United States Congress to monitor the
affected industries and ensure the consumer of the
safety of such products.

2,2.1.1 Legislative History

2.2.1.1.1 Food and Drug Act of 1906 The Food and
Drug Act of 1906, reenacted in 1907 to extend the pro-
visions for an indefinite period, was the first federal
law governing the food supply in the United States. It

made illegal the interstate commerce of misbranded or -

adulterated manufactured or natural foods, beverages,
drugs, medicines, or stock feeds. It stated that only
substances not likely to render a food injurious to
health could be added to foods.

The United States Department of Agriculture
(USDA) was responsible for administering the 1906
Act until 1931, when the FDA was created to adminis-
ter it. Although the FDA was originally a part of the

USDA, it now operates within the DHHS. The USDA
and then the FDA were both ineffective in enforcing the
1906 Act because the Act lacked fines or other penalties
for violators. This led to eventual passage of the Fed-
eral Food, Drug, and Cosmetic (FD&C) Act of 1938.

2.2.1.1.2 Federal Food, Drug, and Cosmetic Act of
1938 The FD&C Act of 1938 broadened the scope of
the 1906 Act, intending to assure consumers that foods
are safe and wholesome, produced under sanitary con-
ditions, and packaged and labeled truthfully. The law
further defined and set regulations on adulterated and
misbranded foods. The FDA was given power to seize
illegal products and to imprison and fine violators. An
important part of the 1938 Act relevant to food analysis
is the section that authorizes food definitions and stan-
dards of identity, as further described below.

22.1.1.3 Amendments and Additions to the 1938
FD&C Act The 1938 FD&C Act has been amended
several times to increase its power. The Miller Pesti-
cide Amendment was added in 1954 to specify the

- acceptable amount of pesticide residues an fresh fruits,

vegetables, and other raw agricultural products when
they enter the marketplace. This Amendment, then
under the authority of the FDA, is now administered
by the Environmental Protection Agency (EPA).

The Food Additives Amendment to the 1938 Act
was enacted in 1938. It was designed to protect the
health of consumers by requiring a food additive to be
proven safe before addition to a food and to permit the
food industry to use food additives that are safe at the
intended level of use. The highly controversial Delaney
Clause, attached as a rider to this amendment, prohibits
the FDA from setting any tolerance level as a food addi-
tive for substances known to be carcinogenic.

The Color Additives Amendment, passed in 1960,
defines color additives, sets rules for both certified and
uncertified colors, provides for the approval of color
additives that must be certified or are exempt from cer-
tification, and empowers the FDA to list color additives
for specific uses and set quantity limitations. Similar to
the Food Additives Amendment, the Color Additives
Amendment contains a Delanev Clause.

The Nutrition Labeling and Education Act of 1990
(NLEA), described further in Chapter 3, made nutri-
tion labeling mandatory on most food products under
FDA jurisdiction, and established definitions for health
and nutrient claims. The NLEA emphasized the rela-
tionship between diet and health, and provided con-
sumers a means to choose foods based on complete
and truthful label information.

The Dietary Supplement Health and Education
Act (1994) (DSHEA) changed the definition and regu-
lations for dietary supplements from those in the
FD&C Act and in acts relevant to dietary supplements
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passed prior to 1994. The DSHEA defined supplements
as “dietary ingredients” (defined in specific but broad
terms), set criteria to regulate dlaims and labeling, and
established governument agencies to handle regulation.
Classified now as “dietary in ients” rather than by
the previously used term “food additives,” dietary
supplements are not subject to the Delaney Clause of
the FD&C Act. Regulations for dietary supplements
permit claims not allowed for traditional foods. Con-
trol and regulation of dietary supplements have been
separated from those for traditional foods.

The Food Quality Protection Act (1996) amended
both the FD&C Act and the Federal Insecticide, Fungi-
cide and Rodenticide Act (FIFRA), as further described
in section 2.2.51.

2.2.1.1.4 Other FDA Regulations The FDA has devel-
oped many administrative rules, guidelines, and
action levels, in addition to the regulations described
above, to implement the FD&C Act of 1938. Most of
them are published in Title 21 of the CFR. They include
the Good Manufacturing Practice (GMP) regulations
{21 CFR 110), regulations regarding food labeling (21
CFR 101), recall guidelines (21 CFR 7.47), and nutri-
tional quality guidelines (21 CFR 104). The food label-
ing regulations include nutritional labeling require-
ments and guidelines, and specific requirements for
nutrient content, health claims, and descriptive claims
(discussed in Chapter 3).

The FDA administers several other federal statutes
related to foods. The Fair Packaging and Labeling Act
of 1966 requires that the net weight of 2 food product,
among other information, be accurately stated on the
label in a specific manner. Among the provisions
enforced by the FDA in the Public Health Service Act
of 1944 are the safety of pasteurized milk and shellfish,
as discussed in sections 2.3 and 2.4, respectively. The
importation of milk and cream into the United States is
regulated by the Import Milk Act of 1927 for economic
and public health considerations. Certain aspects of the
amended Federal Meat Inspection Act of 1967 and the
amended Pouliry Products Inspection Act of 1957
{discussed in sections 2.2.2.1.1 and 2.2.2.2.3) are admin-
istered by the FDA.

A comprehensive collectiori of federal laws, guide-
lines, and regulations relevant to foods and drugs has
been published by the Food and Drug Law Institute
(2). The staff of Food Ciiemical News has prepared the
"FDA Food Enforcement Handbook,” a compilation of
FDA enforcement guides reievant to food processors
(3). With increasing responsibility being placed on food
Processors and regulatory agencies to ensure the safetv
of foods eaten by consumers, FDA has placed consic-
C"‘b}e emphasis on Good Manufacturing Practice reg-
ulations and on Hazard Analysis Critical Control
Point (HACCP) systems. HACCPis an important com-

nent of an interagency initiative to reduce the inci-
dence of foodborne illness, and.includes the FDA,
USDA, Environmental Protection Agency (EPA), and
the Centers for Disease Control (CDC) (8). Both GMP
and HAACP systems emphasize the importance of

_preventing hazards, to avoid problems associated with

detecting hazards in foods.

The GMP regulations, legally based on the FD&C
Act, but not established as a proposed rule until 1969,
are designed to prevent adulterated food in the mar-
ketplace (9). The GMP regulations define requirements
for acceptable sanitary operation in food plants and
include the following relevant to food processing:

1. General provisions that define and interpret the
detailed regulations;

2. Requirements and expectations for maintaining
grounds, building, and facilities;

3. Requirements and expectations for design, con-
struction, and maintenance of equipment;

4. Requirements for production and process con-
trols; and

5. Defect action levels {DALs) for natural and
unavoidable defects.

In addition to general GMPs (21 CFR 110), specific
GMPs exist for thermally processed low-acid canned
foods (21 CFR 113), acidified foods (21 CFR 114), and
bottled drinking water (21 CFR 129).

Unlike GMPF regulations, HACCP is a svstem
developed and implemented by a food processor, orig-

‘inally designed to produce zero defect (no hazard)

food for astronauts to consume on space flights {10).
The FDA and USDA have adopted the HACCP concept
in certain of their inspection programs. An effective
HACCP program has the following components:

1. Determine potential hazards in each process.

2. Identify critical control points.

3. Establish control limits for each critical control
point.

4. Estzblish procedures to monitor contri! poini...

5. Establish corrective actions when limits of cou-
tro! point are exceeded.

6. Establish appropriate system of record kecping.

7. Establish program to verify efficacy of prograr.

While GMPs and HACCP programs are bascd largel
on microbiological concerns, certain chemical and
physical tests (e.g., inactivation of toxic constitucnts,
presence of extraneous matter, metal detection) are
often necessary to ensure the safety of foods.

2.2.1.2 Food Definitions and Standards

The food de.’i.nitions and standards established by the
FDAurepublished in 21 CFR 100-169 and include s:an-
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dards of identity, quality, and fill. The standards of
identity, which have been set for a wide variety of food
products, are most relevant to the chemical analysis of
foods because they specifically establish which ingre-
dients a food must contain. They limit the amount of
water permitted in certain products. The minimum
levels for expensive ingredients are often set, and max-
imum levels for inexpensive ingredients are sometimes
set. The kind and amount of certain vitamins and min-
erals that must be present in foods labeled “enriched”
are specified. The standards of identity for some foods
include a list of optional ingredients. The standard of
identity for sour cream (21 CFR 131.160) is given in Fig.
2-1. Table 2-1 summarizes the standards of identity rel-
evant to food analysis for a number of other foods.
Note that the standard of identity often includes the
recommended analytical method for determining
chemical composition.

Although standards of quality and fill are less

§131.160 Sour cream.

(a) Description. Sour cream results
from the acuring, by lactic acid produc-
ing bacterla, of pasteurized cream.
3our cream contains not less than 18
percant milkfat; except that when the
food is characterized by the addition of
natritive sweeteners or bulky flavoring
ingredients, the weight of the milkfat
is not less than 18 percent of the re-
mainder obtained by subtracting the
weight of such optional ingredients
rom the welght of the food; but in no
case does the food contaln less than
14.4 percent milkfat. Sour cream has a
titratable acidity of not less than 0.5
percent, calculated as lactic acid.

(9) Optional ingredients. (1) Safe and
suitable ingredients that improve tex-
ture, prevent synereals, or extend the
shelf life of the product.

(2) Sodium citrate in an amount not
more than 0.1 percent may be added
priaor to culturing as a flavor precursor.

(3) Rennet.

(4) Safe and sujtabls nutritive sweet-
eners.

(5) Salt.

(6) Flavoring ingredients, with or
without safe and sultable coloring, as
follows:

(i) Frult and frult juice (Including
concentrated frult and fruit julce).

(i1) Safe and suitable natural and ar-
tificial food flavoring.

related to the chemical analysis of foods than are stan-
dards of identity, they are important for economic and
quality control considerations. Standards of quality,
established by the FDA for some canned fruits and veg-
etables, set minimum standards and specifications for
factors such as color, tendemess, weight of units in the
container, and freedom from defects. The standards of
fill established for some canned fruits and vegetables,
tomato products, and seafood state how full a con-
tainer must be to avoid consumer deception.

2.2.1.3 Inspection and Enforcement

The FDA has broadest regulatory authority over most
foods (generally, all foods other than meat, poultry,
eggs; water supplies; imported foods). However, the
FDA shares responsibilities with other regulatory
agencies for certain foods, as described in later sections
of this chapter. The FDA has responsibility for enforc-

(c) Methods of analysis. Referenced
methoda in paragraph (¢) (1) and (2) of
this section are from “Official Methods
of Analysis of the Associlation of Offl-
cial Analytical Chemists,” 13th Ed.
(1980), which is incorporated by ref-
erence. Copies may be obtained from
the Association of Official Analytical
Chemists, 2200 Wilaon Blvd., Suite 400,
Arlington, VA 22201-330], or may be ex-
amined at the Offlce of the Federal
Register, 800 North Capitol Street,
NW., suite 700, Washington, DC.

(1) Milkfat contant—'"Fat—Official
Final Actlon,” section 16.1732.

(2) Titratable acidity—*Acidity-—Of-
ficial Final Action,” section 16.023.

(d) Nomenclature. The name of the
food is ‘‘Sour cream’ or alternatively
**Cultured sour cream'. The full name
of the food shall appear on the prin-
cipal diaplay panel of the label in type
of uniform size, style, and color. The
pame of the food shall be accompanied
by a declaration indicating the pres-
ence of any flavoring that character-
izes the product, as apeciflied in §101.22
of this chapter. If nutritive sweetener
in an amount sufficient to characterize
the food is added without addition of
charactsrizing flavoring, the. name of
the food shall be preceded by thea word
‘‘sweetened"'.

(e) Label declaration. Each of the in-
gredients used in the food shall be de-
clared on the label as required by the
applicable sections of parts 101 and 130
of this chapter.

(42 FR 14060, Mar. 15, 1977, as amended at 47
FR 11824, Mar. 19, 1962; 49 FR 10082, Mar. 19,
1964; 56 PR 2485, June 12, 1989; S8 FR 2891,
Jaan, &, 1983]

Standard of identity for sour cream. [From 21 CFR 131.160 (1997).] _
___figure |
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lmu Selected Chemical Compasition Requitements of Some Foods with Standards of Identity

AOAC Method*
Section in Number in Number in
21CFR'  Food Product Requirement 13t Ed. 16th Ed. Name/Description
131.110 Milk Milk soligs nonlat 16.032 925.23A Total solids, by hot air
x B /4% oven
Milkiat = 3 1/4% 16.059 905.02 Roese-Gottlisb
Vitamin A (ui added)
= 2000 1U%/qt*
WtaLl;rsnn D {it added)—400 43.195-43.208 936.14 Bioassay line test with
fqt! rats
131.125  Nonfat dry milk Moustucl"e £ 5% by wi. 16.192 927.05 Vacuum oven
Mitkfat < 1 1/2% by wt, 16.199-16.200 932.06A, 932.06B Roese-Gotllieb
133.113  Cheddar cheese Milkfat = 50% by wt. of 16.255 933.05 Digest with HCI,
solids ‘ Roese-Gottlieb
Moisture = 39% by wi. 16.233 926.08 Vacuum oven
Phosphatase level = 3pg  16.275-16.277 946.03-946.03C Residual phosphatase
phenol equivalent/
025¢g
135.190  Ice cream and Total sohds = 1.6 Ib/gal
frozen custard Milkfat = 10% 16.2687, 16.059  952.06, 953.08D Roese-Gotllieb
Nontat mitk solids = 10%5
137.165  Enriched flour Moisture = 15% 14.002, 14.003  925.09, 925.09B Vacuum oven
Ascorbic acid = 200 ppm
(if added as dough con-
ditioner)
Ash’ £{0.35 + 1/20 of the 14,006 923.03 Dry ashing
percent of proleln cal-
culated) on dwb®) .
{Protein) 2.057 955.04C Kjeldah, for nitraie-free
’ samples
Thiamine, 2.9 mg/lb
Ribofiavin, 1.8 mg/flo
Niacin, 24 mg/lb
Iron, 20 mgfib
Calcium (if agded), 860
mgib
137.230  Corn grits Crude liber = 1.2% dwb®  14.062, 14.065 945.3BA, 945.380 Crude fiber
{modified) »
Fat = 2.25% 14.062, 14.067  945.3BA, 945.38F Ether extraciion
{Moisture) 14,082, 14.063  945.38A, 945.3BB Vacuum oven
145310  Canned applesauce Soluble solids = 9%° 22,024 932.12 Refractomeier
146.185  Pineapple juice Soluble solids 31.009 932.14A Hydrometer (Brix
= 10.5%Brix*° spindie}
Tota! acidity < 1.35 g/100 Titration with NaOH'’
ml! (as anhydrous citric
acid) .
Brix/acid ratio z 12 Calculatec *
Insoluble solids = 5 and Caiculated irom volume
% 30% of sediment'?
158.170  Frozen peas Alcohol insoluble sohds Extract with atzoho!
< 19% solution; ¢y insoluie
material'
163.113  Cocoa Cocoa fat = 22% and 925.15 Extraction wilh petro-
= 10% leumn ether
164.150  Peanul butter Fat = 55% 27.006(a) 948.22 Ether extraction with

Soxhlet unit
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2-1-

_table | Selacted Chemical Composition Requirements of Some Foods with Standards of Identity (confinued)
AOQAC Method?
Section in : Number in Number in
21 CFR! Food Product Requirement 13th Ed. 16th Ed. Name/Description
168.20 Glucose syrup Total solids = 70% 31.208-31.209  941.14A,941,14B Vacuum oven, with
mass/mass (nym) diatomaceous earth
Reducing sugar = 20% 3t1.22C(a) 945.66(a) Lane-Eynon
m{m (dextrose equiva- )
lent, dwb)
Sulfated ash < 1% m/m, 31.216 945.638 Dry ashing
dwb
Sulfur dioxide s 40 mg/ikg  20.106-20.111  962.16A-963.20C Modified Monier—
Williams
169.175  Vanilla extract Ethy! alcohol = 35% by
volume
Vanilla constituent
= 1 unit*®/gal

'CFR, Code of Federal Regulations (1997).
20fficial Methods of Analysis of AOAC Intsrnational,
U = Intarnational Units.

*within limits of good manufacturing praclice.

51 pasteurized dairy ingredients are used.
®Exceptions claritied.

"Excluding ash resulting from any added iron or salts of iron or calcium or wheat germ.

Sdwb = moistura-free or dry weight basis.

Yexclusive of the solids of any added optional nutritive carbohydrate sweeteners: expressed as % sucrose. °Brix, with correction for lempera-

ture 10 the equivalent at 20°C.

Oexciusive of added sugars, without added water. As determined by refractometer at 20°C uncorrected for acidity and read as *Brix on Inter-

national Sucrose Scales. Exception stated for juice from cancentrate.

Detailed titration method given in 21 CFR, 145.180 (b)(2)(ix).

"2Calculated from °Brix and totat acidity values, as cescribed in 21 CFR 146,185 (b)}2)().

"Detailed method given in 21 CFR 146.185 (b)Y 2)(iv).
“Detailed methcd given in 21 158.170 (bX3). .’

*Defined in 21 CFR 169.3(c); requires measurernent of moisture content, according to madification of ACGAC Methed 7.004 and 7.005.

ing the 1938 FD&C Act as amended, which prohibits
adulteration and misbranding of food products. Rele-
vant to food analysis and for FDA-regulated foods, the
FDA inspects food processing facilities for compliance
with GMP regulations and for any mandatory HACCP
inspection programs. The FDA monitors appropriate
foods for composition and characteristics relevant to
the standards of identity, standards of quality, stan-
dards of fill, nutrition labeling, and other labeling reg-
ulations. It regulates color additives and the use of
food additives for all foods.

Working with the National Marine Fisheries Ser-
vice to ensure seafood safety, the FDA sets and enforces
allowable levels of contaminants and pathogenic
microorganisms in seafood. The FDA has jurisdiction
over some alcoholic beverages and cooking wines, and
handles questions of deleterious substances in alcoholic
beverages. Regulations on tolerance levels of pesticide
residues in foods and agricultural commodities set by
the Environmertal Protection Agency are enforced
by the FDA. Imported food products regulated by the
FDA are subject to inspection upon entry through

United States Customs, and products must comply
with United States laws and regulations. The FDA
works with individual states and the United States
Department of Agriculture to ensure the safety and
wholesomeness of dairy products. Also, the FDA has
regulatory power over shellfish sanitation for products
shipped interstate.

When violations of the FD&C Act are discovered
by the FDA through periodic inspections of facilities
and products and through analysis of samples, the
FDA can use waming letters, seizures, injunctions, or
recalls, depending on the circumnstances. The FDA can-
not file criminal charges, but rather recommends to the
Justice Department that court action be taken that
might result in fines or imprisonment of offenders.
Details of these enforcement activities of the FDA are
given in references (1-3).

2.2.2 United States Department of Agriculture

The USDA, created in 1862, is now one of the cabinet
level federal agencies within the executive branch of
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the United States government. The USDA administers
several federal statutes relevant to food composition
and analysis; some programs are mandatory and oth-
ers voluntary.

2.2.2.1 Mandatory Inspection Programs for
Fresh and Processed Food Commodities:
Standards and Composition

2.2.2.1.1 Meat and Poultry The Meat and Poultry
Inspection Program (MPIP) administered by the
USDA provides for inspection of the slaughter of cer-
tain domestic livestock and poultry and the processing
of meat and poultry products. Such inspection applies
to all meat and poultry products in interstate or foreign
conumerce, to prevent the sale and distribution of adul-
terated or misbranded products. The MPIP reviews
foreign inspection systems and packing plants that
export meat and poultry to the United States. Imported
products are reinspected at ports of entry.

The MPIP derives its authority from the Federal
Meat Inspection Act of 1906, updated in 1967; the Poul-
try Products Inspection Act of 1957; the Agricultural
Marketing Act of 1946; the Humane Slaughter Act of
1958; and the Imported Meat Act (2 part of the 1930
Tariff Act).

The regulations relating to the inspection and cer-
tification of meat and poultry products are published
in Title 9 of the CFR. Comprehensive inspection manu-
als, such as the Meat and Poultry Inspection Marual (11),
have been developed to assist MPIP and industry per-
sonnel to interpret and utilize the regulations. Stan-
dards of identity have been established by the Food
Safety and Inspection Service (FSIS) of the USDA for
many meat products (¢ CFR 319}, commonly specify-
ing percentages of meat, fat, and water. Analyses are to
be conducted using AOAC methods, if available.

The FSIS of the USDA announced in 1996 the
implementation of new rules for improving the safety
of meat and poultry. A major component of the rules is
a HACCP system to be required of all slaughter and
processing plants. Phasing in of the HACCP require-
ment is based on size of the establishment, with very
small plants having the latest date for required imple-
mentation of January 25, 2000.

2.2.2.1.2 Grains The Federal Grain Inspection Pro-
gram Service, a program of the Grain Inspection,
Packers and Stockyard Administration (GIP>A),
within the USDA administers the mandatory require-
ments of the U.S. Grain Standards Act of 1976 as
amended. The regulations to enforce this act and pro-
vide for a national inspection system for grain are pub-
lished in 7 CFR 800. Mandatory official grade standard
exist for a number of grains, including barley, oats,
wheat, corn, rye, flaxseed, sorghum, soybeans, and trit-
icale. GIPSA has issued many handbooks and instru¢-

tions for its inspectors, such as the Grain Inspection
Handbook—Book I (12). Grades are determined by fac-
tors such as test weight per bushel and percentages
of heat-damaged kernels, broken kernels, and foreign
material. A grade limit is commonly set for moisture,
which is as specified by contract or load order grade.

2.2.2.2 Voluntary Grading and Inspection
Programs for Fresh and Processed Food
Commodities: Standards and Composition

2.22.2.1 General Information on Grade Standards
Although grade standards developed for foods by the
USDA are not mandatory requirements, they are
widely used, voluntarily, by food processors and dis-
tributors as an aid in wholesale trading, because the
quality of a product affects its price. The USDA has
issued grade standards for more than 300 food prod-
ucts under authority of the Agricultural Marketing Act
of 1946 and related statutes. Grade standards exist for
many types of meats, poultry, dairy products, fruits,
vegetables, and grains, along with eggs, domestic rab-
bits, certain preserves, dry beans, rice, and peas. Addi-
tional information about each of these is given in the
next several sections, except for dairy products, which
is given in section 2.3. While complete information

regarding the standards was published previously in

the CFR, currently only some standards are published
in the CFR because they are USDA Agricultura! Mar-
keting Service (AMS) Administrative Orders. All grade
standards are available as pamphlets from USDA and
also are accessible on the Internet.

The Sdence and Technology Division, AMS,
USDA, has analytical laboratories that periorm analy-
ses related to food grade standards and general quality
control. These analytical services are availzble for z fee
to governmental agencies, outside companies, and
individuals. Laboratory tests available include proxi-
mate, lipid-related, food additive, chemicai and physi-
cal component, microbiological, and aflatoxin analyses
{7 CFR 91.37). These analyses can help ensure that food
products meet grade standard specificatios.s.

Grade standards, issued by the AMS of the LISDA
for agricultural products and by the Departrmet of
Commerce for fishery products, must not be cenfused
with standards of quality set by the FDA or standarcs
of identity set by the FDA or FSIS of the USDA, s dis-
cussed previously. A standard of identity establ.shes
or defines what a-given food product is; it establishes
for some foods which ingredients they must contain.
Standards of quality are the minimum standards for
some canned fruits and vegetables. Standards for
grades may classily products in a range from substan-
dard to excellent in guality. Standards for grades are
not required to be stated on the label, but jf they are
stated, the product must comply with the specifica-
tions of the declared grade. Official USDA grading ser-
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vices are provided, for a fee, to pickers, processors, dis-
tributors, and others who seek official certification of
the grades of their products. Such grade standards
often are used as quality control tools. Consumers are
familiar generally with grade standards for beef, but-
ter, and eggs, but buyers for the retail market utilize
grade standards for a wide variety of foods. Major
users of standards include institutions such as schools,
hospitals, restaurants, prisons, and the Department of
Defense {see also section 2.5).

2.2.2.2.2 Fruits and Vegelables The USDA is respon-
sible for ensuring the quality of fruits, vegetables, and
related products sold in the United States. The Fresh
Products Branch and the Processed Products Branch of
the Fruit and Vegetable (FV) Program of the USDA
standardize, grade, and inspect fruits and vegetables
under various voluntary programs. The standards pro-
mulgated for some fresh fruits and vegetables are
given in 7 CFR 51 and those for some processed fruits
and vegetables are given in 7 CFR 52. Standards for cer-
tain other fresh and processed fruits and vegetables are
available as AMS pamphlets and on the Internet. Stan-
dards for grades of processed fruits and vegetables
often include factors such as color, texture or consis-
tency, defects, size and shape, tenderness, maturity, fla-
vor, and a variety of chemical characteristics. Sampling
procedures and methods of analysis are commonly
given. As an example, partial information about the
standards for grades of frozen concentrated orange
juice (13) is given in Table 2-2. S

A new quality assurance inspection service, based
on HACCEP, is in the pilot phase and is being offered to
the fruit and vegetable industry. The voluntary pro-
gram is fee-based and is designed to facilitate market-
ing. The HACCP concept is considered to be a more
scientific, analytical, economical approach to food
wholesomeness than traditional inspection systems.
Once a HACCP plan has been reviewed and accepted
by the FV Program, an objective third-party validation
audit and series of systems audits are conducted to
determine the applicant’s effective adherence to the
plan. Companies in good standing under this service
can use a new offical mark for recognition by con-
sumers that they are in the program.

2.2.2.2.3 Meat and Poultry The Livestock and Seed

Program of the USDA provides voluntary grading and -

certification services, as described in 7 CFR 53 (Live-
stock) and 34 (Meat, Prepared Meats, and Meat Prod-
ucts). The Poultry Program of the USDA provides vol-
untary inspection and grading services for egg
products (7 CFR 55), voluntary grading of sheil eggs (7
CFR 56), voluntary grading of poultry products and
rabbit products (7 CFR 70), voluntary inspection of
poultry (9 CFR 362), and voluntary inspection of rab-
bits and their edible products (9 CFR 354).

The voluntary inspection and grading program for
egg products covers services such as laboratory analy-
ses required but not covered by the mandatory inspec-
tion program that exist for eggs and egg products (7
CFR 59) under the Egg Products Inspection Act. Simi-
larly, the voluntary poultry inspection program exists
for poultry products not covered by the mandatory
regulations of the Poultry Products Inspection Act (9
CFR 381).

2.2.2.2.4 Other Agricultural Commodities GIPSA im-
plements voluntary regulations and standards for
inspection and certification of certain agricultural com-
modities and their products. Such regulations and
standards for rough, brown, and milled rice are given
in 7 CFR 868. Standards for beans, peas, and lentils are
given in GIPSA publications. Grade standards for these
products are commonly determined by factors such as
defects, presence of foreign material, and insect infes-
tation. The standard for beans also specifies that beans
with more than 18% moisture are graded as “high
moisture.” The regulations state that moisture is to be
determined by the use of equipment and procedures
prescribed by the GIPSA, or by any method that gives
equivalent results. Laboratory test services are made
available (Table 2-3), at a fee, for these agricultural
comunodities, as they are for other food products
through inspection and grading programs.

2.2.3 United States Department of Commerce
2.2.3.1 Seafood Inspection Service

The National Oceanic and Atmospheric Administra-
tion (NOAA) and the National Marine Fisheries Ser-
vice (NMFS) are agencies under the United States
Department of Commerce that have provided a
seafood inspection service since the administration’s
Reorganization No. 4 of 1970 moved the service from
Department of Interior to Commerce. The NOAA
Seafood Inspection Program ensures the safety and
quality of seafoods consumed in the United States and
certified for export through voluntary grading, stan-
dardization, and inspection programs, as described in
50 CFR 260-267. NOAA Handbook 25 is comprehen-
sive manual on these subjects entitled Fishery Products
Inspection Manual (14). The U.S. Standards for Grades
of Fishery Products are intended to help the fishing
industry maintain and improve quality and to thereby
increase consumer confidence in seafoods. Standards
are based on attributes such as color, size, texture, fla-
vor, odor, workmanship defects, and consistency.

2.2.3.2 HACCP-Based Program

The NOAA Seafood Inspection Program has an
expanding voluntary HACCP-based program avail-
able to all aspects of the fishery products industry. Ini-
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USDA Standards for Grades of Frozen Concentrated Orange Juice

‘ QUALITY:?
Factors Grade A Grade B
Appearance Fresh orange juice Fresh orange juice
Reconstitution Reconstitutes properly Reconstitutes property
Color Very good (Equal 1o or better than USDA  Good (Not as good as USDA OJ 5, but not
0QJ 5) off color)
Score points . 36-40 32-35
Defects Practicalty free Reasonably free
Score points 18-20 16-17
Flavor Very good Good
Score points 36-40 32-35
Total score points Minimum, 90 Minimum, 80
ANALYTICAL:?
Unsweetened Sweetened Unsweetened Sweetened
Concentrate:
Brix value: Minimum 41.8% 42.0° 41.8° - 42.0
Brix value/acid ratio: Min Max Min Max Min Max Min Max .
California/Arizona 11.51 19.5:11 12.0:1 19.5:1 10.0:1 10.0:1
Outside California/Arizona 12.5:1 19.5:1 13.0:1 19.5:1 10.0:1 10.0:1
Reconstituted juice: .
Brix: Minirmum 11.82 11.8
Soluble orange solids, exciusive of 11.8 11.8
sweelener (percent by weight of
finished preduct):
Minimum
Recoverable oil (percent by volume): 0.035 0.040
Maximum

Agapted trom (13).
‘Reconstituted prior to prading.

Harma deacribing quality and analytical characieristics are defined in the slandards, and in some cases AOAC methods are speciliec.

tially established in 1992 for processors, participants
now also include fishing vessels, food service facilities,
and retail establishments. The NOAA HACCP-based
program includes wholesomeness, labeling and qual-
ity factors, in addition to control of the basic food
safety hazards, as required by 21 CFR 123. NOAA tech-
nical experts also offer consultative services to any in
the industry requesting assistance to meet the require-
ments of the mandatory FDA HACCP regulation. Spe-
clalized training beyond HACCP principles and imple-
mentation now also includes auditing and sensory
workshops.

2.2.3.3 interaction with FDA and EPA

The FDA and the EPA work with the NMFS for the
assurance of seafood safety. The FDA, under the FD&C
Act, is responsible for ensuring that seafood shipped or
received in interstate commerce is safe, wholesome,
and not misbranded or deceptively packaged. The
FDA has primary authority in setting and enforcing
allowable levels of contaminants and pathogenic

microorganisms in seafood. The EPA assists the FDA in
identifying the range of chemical contaminants that
pose a human health risk and are most likely :0 accu-
mulate in seafood. A tolerance of 2.0 parts per milliun
(ppm} for total polychlorinated biphenyls (PCEs) (23
CFR 109.30) is the only formal tolerance specified by
the FDA to mitigate human health impacts in scafood.
However, the EPA has established tolerances for cc -
tain pesticide residues and the FDA has estadblichod
guidance levels for the toxic elements arsenic, ¢ac-
mium, chromium, lead, and nickel (15).

2.2.4 United States Bureau of Alcohol,
Tobacco, and Firearms

2.2.4.1 Regulatory Responsibility for
Alcoholic Beverages

Beer, wines, liquors, and other alcoholic beverages are
termed “food” according to the FD&C Act of 1938,
However, regulatory control over their quality, star.-
dards, manufacture, and other related aspects is spec-
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[ table | Laboratory Test Services Available Through Federal Grain Inspection Service
1. Alpha monoglycerides 35. Moisture and valatile maiter
2. Affatoxin test (other than TLC or minicelumn method) 36. Performance test (prepared bakery mix)
3. Aflatoxin (TLC) 37. Peroxice value
d. Aftatoxin (minicclumn method) 38. Phosphorus
5. Appearance and color 39. Popcorn kernels (total defects)
6. Ash 40. Popcern ratiofvalue popcorn
7. Bacteria count 41. Potassium bromate
8. Baking test (cookies) 42. Protein
9. Bostwick (cooked) 43. Rope spare count
10. Bostwick (uncooked/caook test/dispersibility) 44, Salmonelfa
11, Brix 45, Sait or sodium comtent
12. Calcium 46. Sanitation (filth light)
13. Carotenoid color 47. Sieve test
14, Cold test {(oil) 48. Smoke paint
15, Color test (syrups) 43, Salid fat index
16. Cooking test (cther than corn soy blend) 50. Specific volume (bread)
17. Crude fat 51. Staphylococcus aureus
18. Crude fiber 52, Texture
19. Dough handiing (baking) 53. Tilletia controversia kuhn {TCK) (Qualitative)
20. E. coli 54, Tilletia controversa kuhn (TCK) (Quantitativa)
21. Failing number 55. Unsaponifiable matter
22, Fat (acid hydrolysis) 56. Urease activity
23. Fat stability (AOM) 57. Visual exam (hops pellet)
24, Flash point (open and close up) 58. Visual exam (insoluble impurities, oifs, and shortening)
25. Free fatty acid 59. Visual exam (pasta)
26. Hydrogen ion activity (pH) 60. Visual exam (processed grain products)
27. Iron enrichment 81. Visuat exam (total fareign material other than cereal grains)
28. lodine numberfivalue 62. Vitamin enrichment
29. Linolenic acid (fatty acid profile) 63. Vomitoxin (TLC)
30. Lipid phospherus 64. Vomitoxin (Qualitative)
31, Lovibond color €5. Vomnitoxin (Quantitative)
32. Margarine (nonfat salids) 66. Water activity
33. Moaisture 67. Wiley melting point
34, Moisture average (crackers) 68, Other laboratory tests

From 7 CFR 868.90-868.91 (1997).

ified by the Federal Alcohol Administration Act,
which is enforced by the Bureau of Alcohol, Tobacco,
and Firearms of the U.S. Department of the Treasury.
Issues regarding the composition and labeling of most
alcoholic beverages are handled by the Bureau. How-
ever, the FDA has jurisdiction over certain other alco-
holic beverages and cooking wines. The FDA also deals
with questions of sanitation, filth, and the presence of
deleterious substances in alcoholic beverages.

2.2.4.2 Standards and Composition of Beer,
Wine, and Distilled Beverage Spirits

Information related to definitions, standards of iden-
tity, and certain labeling requirements for beer, wine,
and distilled beverage spirits is given in 27 CFR 1-296.
Standards of identity for these types of beverages stip-
ulate the need for analyses such as percent alcohol by
volume, total solids content, volatile acidity, and calcu-
lated. For example, the fruit juice used for the produc-
tion of wine is often specified by its °Brix and total solids
content. The maximum volatile acidity (calculated as

acetic acid and exclusive of sulfur dioxide for grape
wine must not be more than 0.14 g/100 ml (20°C) for
natural red wine and 0.12 g/ 100 ml for other grape
wine (27 CFR 4.21). The percent alcohol by volume is
often used as the criterion for class or type designation
of alcoholic beverages. For example, dessert wine is
grape wine with an alcoholic content in excess of 14%
but not in excess of 24% by volume, while table wines
have an alcoholic content not in excess of 14% alcohol
by volume (27 CFR 4.21). No product with less than
0.5% alcohol by volume is permitted to be labeled
“beer,” “lager beer,” “lager,” “ale,” “porter,” “stout,” or
any other class or type designation normally used for
mal; beverages with higher alcoholic content (27 CFR
7.24).

2.2.5 United States Environmental
Protection Agency

The EPA was established as an independent agency in
1970 through a reorganization plan to consolidate cer-
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tain federal government environmental activities. The
EPA regulatory activities most relevant to this book are
contrdl of pesticide resichues in foods, drinking water
safety, and the composition of effluent from food: pro-
cessing plants.

2.2.5.1 Pesticide Registration and
Tolerance Levels

Pesticides are chemicals intended to protect our food
supply by controlling harmful insects, diseases, ro-
dents, weeds, bacteria, and other pests. However, most
pesticide chemicals can have harmful effects on people,
animals, and the environment if they are improperly
used. The three federal laws relevant to protection of
food from pesticide residues are certain provisions of
the Federal FD&C Act, the Federal Insecticide, Fungi-
cide, and Rodenticide Act (FIFRA), as amended, and
the Food Quality Protection Act of 1996. FIFRA, sup-
plemented by the FD&C Act, authorizes a comprehen-
sive program to regulate the manufacturing, distribu-
tion, and use of pesticides, along with a research effort
to determine the effects of pesticides.

The Food Quality Protection Act amends both the
FD&C Act and FIFRA, to take pesticides out of the sec-
tion of the FD&C Act that includes the Delaney Clause.
This was done by changing the definition of a “food
additive” to exclude pesticides. This redefinition Jeaves
the Delaney Clause greatly reduced in scope and thus
less relevant.

The EPA registers approved pesticides and sets tol-
crances for pesticide residues. Both areas of responsi-
bility are described in Chapter 20, section 20.1.1.1, and
the setting of tolerance levels is described here. The
EPA is authorized to establish an allowable limit or
tolerance for any detectable pesticide residues that
might remain in or on a harvested food or feed crop.
The tolerance level is often many times less than the
level expected to produce undesirable health effects in
humans or animals. Tolerances are established based
on factors that include registration data, consumption
pattern, age groups, mode of action, chemistry of the
compound, toxicological data, plant and animal phys-
iology, efficacy date, and risk assessment. While the
ET'A establishes the tolerance levels, the FDA enforces
the regulations by collecting and analyzing food sam-
ples, mostly agricultural commodities. Livestock and
poultry samples arc collected and analyzed by the
USDA. Pesticide residue levels that exceed the estab-
lished tolerances are considered in violation of the
FD&C Act.

The Food Quality Protection Act of 1996 requires
an explicit determination that tolerances are safe for
children, and consideration of children’s special sensi-
tivity and exposure to pesticide chemicals. It includes

an additional safety factor of up to 10-fold, if necessary,
to account for uncertainty in data relative to children.
The 1996 law requires that all existing tolerances be
reviewed within 10 years to make sure they meet the
requirements of new health-based safety standards
established by law. '

Regulations regarding pesticide tolerances in raw
agricultural chemicals are given in 40 CFR 180, and for
processed foods in 40 CFR 185. The 40 CFR 180 speci-
fies general categories of products and specific com-
modities with tolerances or exemptions, and in some
cases which part of the agricultural product is to be
examined. Agricultural products covered include a
wide variety of both plants (e.g., fruits, vegetables,
grains, legumes, nuts) and animals (e.g., poultry, cattle,
hogs, goats, sheep, horses, eggs, milk). Unless other-
wise noted, the specific tolerances established for the
pesticide chemical apply to residues resulting from
their application prior to harvest or slaughter. Toler-
ances are expressed in terms of parts by weight of the
pesticide chemical per 1 million parts by weight of the
raw agricultural commodity (i.e., ppm). For example,’
the residue tolerance for the pesticide chloropyrifos
ranges from 0.01 to 13 ppm, depending on the com-
modity (40 CFR 180.342) (Table 2-4). Tolerance levels
for selected pesticides and insecticides permitted in
foods as food additives are given in Table 2-5.

The analytical methods to be used for determining
whether pesticide residues are in compliance with the
tolerance established are identified among the meth-
ods contained or referenced in the Pesticide Analytical
Manual (16) maintained by and available from the

Commodity

Alfalfa hay
Bananas, whole
Broccoli
Cabbage

Catlle, fat
Catlle, mea!
Catlle, MBYP?
Corn, field, orain
Corn, forage
Eggs

Mitkfat

Milk, whole
Supote (California)
Strawber:ies
Sugarcane

Tolesances for Readues of Chloropyn!os on
Selected Commodities’

Parts per Million

QYL
(o (N th s

0OOO0OOMOOOVO+ 0L
5

ONOONO

pry

From 40 CF] 18D.342 (1897).

'Chiotopytitas € a1sa known as Dunsban” and Lorsban .
2A8YP = mew by-products

R = repional 1Glerarce.
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Permitted in Foods for Human Consumption

Tolerance for Selected Insecticides (1), Fungicides (F), and Herbicides (H) Classified as Food Additives

Section Food Additive Chemical Classification Food Tolgrance
180.350 Benomyl (F) Carbamate Apple pomace, dried 70
Citrus pulp, dried 50
Grape pomace, dried 125
Raisin waste 125
Raisins 50
Rice hulls 20
Tornato producls, conc. 50
180.1050 Chlorpyrifos-methyl {1} Organophosphate Barley, milling fractions 80
Qats, milling fractions’ 130
Rice, milling fractions’ 30
Sorghum, milling fractions’ 30
Wheat, milling fractions’ 30
180.1580 Deltamethrin (1) Pyrethroid Tomato products, conc. 1.0
185.4850 Picloram (H) Chloropyridine Barley, flour 1.0
carboxylic acid Barley, milled fraction 3.0
Oats, milled fraction' 3.0
Wheat, flour 1.0
Wheat, milled/fraction’ 3.0

Adapted frem 40 CFR 185 (1997).
'Except flour.

FDA. The EFA also publishes methods books for pesti-
cides (17, 18). The methods must be sensitive and reli-
able at and above the tolerance level. Pesticides are
generally detected and quantitated by gas chromato-
graphic or high performance liquid chromatographic
methods (see Chapters 20, 32, and 33).

2.2.5.2 Drinking Water Standards
and Contaminants

The EPA administers the Safe Drinking Water Act of
1974, which is to provide for the safety of drinking
water supplies in the United States and to enforce
national drinking water standards. The EPA has identi-
fied potential contaminants of concern and established
their maximum acceptable levels in drinking water. The
EPA has primary responsibility to establish the stan-
dards, while the states enforce them and otherwise

supervise public water supply systems and sources of -

drinking water. Primary and secondary drinking
water regulations have been established; enforcement
of the former is mandatory, whereas enforcement of the
latter is optional. The national primary and secondary
drinking water regulations are given in 40 CFR 141 and
143, respectively. Recently, concerns have been ex-
pressed regarding the special standardization of water
used in the manufacturing of foods and beverages.
Maximum contaminant levels (MCL) for primary
drinking water are set for certain inorganic and or-
ganic chemicals, turbidity, certain types of radioac-

tivity, and microorganisms. Sampling procedures and
analytical methods for the analysis of chemical conta-
minants are specified, with common reference to Stan-
dard Methods for the Examination of Water and Wastewater
(19) published by the American Public Health Associa-
tion; Methods of Chemical Analysis of Water and Wastes
{20), published by the EPA; and Annual Book of ASTM
Standards (21), published by the American Society for
Testing Materials. Methods commonly specified for the
analysis of inorganic contaminants in water include
atomic absorption (direct aspiration or furnace tech-
nique), inductively coupled plasma (see Chapter 28),
ion chromatography (see Chapter 32), and ion selective
electrode (see Chapter 10) (Table 2-6).

2.2.5.3 Effluent Composition from Food
Processing Plants

In administering the Federal Water Pollution and
Control Act, the EPA has developed effluent guide-
lines and standards that cover various types of food
processing plants. Regulations promulgated under 40
CFR 403471 prescribe effluent limitation guidelines
for existing sources, standards of performance for new
sources, and pretreatment standards for new and exist-
ing sources. Point sources of djscharge of pollution are

uired to comply with these regulations, where ap-
plicable. Regulations are prescribed for specific foods
under the appropriate point source category: dairy
products processing (40 CFR 405), grain mills (40 CFR
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Detection timis for Inorganic Conlaminants In Drinking Water

MCI_‘ Detection
Contaminant  (mg/iter) Analytical Method Limit (mg/iter)
Antimony 0.006 Atamic absorption; furnace technigue 0.003
Atomic absorption; platiorm 0.00082
ICP-mass spectrometry 0.0004
Hydride-atomic absorption 0.001
Asbestos 7 MFL3 Transmission electron microscopy 0.01 MFL
Barium 2 Atomic absorption; furnace technigue 0.002
Alomic absorption; direct aspiration 0.1
: Inductively coupled plasma 0.002(0.001)
Beryllium 0.004 Atomic absorption; furnace technique 0.0002
Atomic absorption; platform 0.000022
inductively coupled plasma* 0.0003
ICP-mass spectrometry 0.0003
Cadmiumn 0.005 Atomnic absorpfion; furnace technique 0.0001
Inductively coupled plasma 0.001
Chromium 0.1 Atomic absorption: furnace technique 0.001
Inductively coupled plasma 0.007(0.001)
Cyanide 0.2 Distillation, spectrophotometric® 0.02
: Distillation, automated, s;:»ectrc%photometric5 0.005
Distillation, selective electrode 0.05
Distillation, amenable, spectrophotometric® 0.02
Mercury 0.002 Manua! cord vapor technique - 0.0002
Automated cold vapor technique 0.0002
Nickel Atomic absorplion; furnace technique 0.001
Atomic absorption; platform 0.00062
Inductively coupled plasma* 0.005
ICP-mass spectrometry 0.0005
Nitrate 10 (as N) Manual cadmium reduction C.01
Automated hydrazine reduction 0.01
Automated cadmium reduction 0.05
lon selective electrode 1
lon chromatography 0.01
Nitrite 1 (as N} Spectrophotometric technique 0.01
Automated cadmium reduction 0.05
Manual cadmium reduction 0.01
lon chromatography 0.004
Selenium 0.05 Atomic absorption; furnace 0.002
Atomic absorplion; caseous hydride 0.002
Thatliurn 0.002 Alomic absorption; furnace 0.001
: Alomic absorption; platiorm 0.00072
0.0003

ICP-mass spectromelry

From 40 CFR 141.23 (1997).

"MCL = maximum coniaminant level; maximum permissible level of a contaminant in water as specified

in 40 CFR 141.2 (1996,

“Lowsr nIDLS are repesied using stebilizea iemperature graphite furnace alomic absorption.

:‘MFL = million fibers per liter > 10 um,
Using a 2X preconcentration step as noted in Method 200.7. Lower MDLs may be achieved when

using a 4X preconcentration.

Screening method for total cyanides.,

SMeasures "Iree” cyanides.

* General information

406), canned and preserved fruits and vegetables pro-
cessing (40 CFR 407), canned and preserved seafood
processing (40 CFR 408), sugar processing {40 CFR
409), and meat products (40 CFR 432). Effluent charac-
teristics commondy prescribed for food processing
plants are biochemical oxygen demand (BOD) (sec
Chapter 24), total soluble solids (TSS) (see Chapter 8),
and pH (see Chapter 7), as shown in Table 2-7 for efflu-

ent from a plant that makes natural and processed
checse. The test procedures for measurement of efflu-
ent ct.aracteristics aze prescribed in 40 CFR 136.

2.2.6 United States Customs Service

Over 100 countries export food, beverages, and related
edible products to the United States. The U.S. Customs
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Efluent Limitations for Plants Processing Natural and Processed Cheese

Effluent Limitations

Effluent Characteristics

Metric Units'

Bops? 158 pH

English Units*
BODs5 TSS pH

Processing more than 1,000.000 Ib/day of milk equivalent
‘Maximum for any 1 day

Avg of daily values for 30 consecutive days shall not exceed

Processing less than 100,000 Ib/day of milk equivalent
Maximum for any 1 day

Avg of daily values for 30 consecutive days shall not exceed

0716 1088 (& 0073 0109 (B
0290 0435 (9 0.029 0044 (%)

0976 1462 (9 0.098 0.146 (
0.488 0731 (% 0049 0073 {°

Adapted fremn 40 CFR 405.62 (1997).
'Kilograms per 1000 Ibs of BODS input.

8005 refers lo biochemical oxygen demand measurement after 5 days of incubation.

3TSS refers to total soluble solids,
*Pounds per 100 Ibs of BODS input.
SWithin the range 5.0 t0 9.0,

Service (USCS) assumes the central role in ensuring
that imported products are taxed properly, safe for
human consumption, and not economicaily deceptive.
The USCS receives assistance from the FDA and USDA
as it assumes these responsibilities. The major regula-
tions promulgated by the USCS are given in Title 19 of
the CFR. ’

2.2.6.1 Harmonized Tariff Schedule of the
United States (TSUSA)

All goods imported into the United States are subject to
duty or duty-free entry according to their classification
under applicable items in the Harmonized Tariff
Schedule of the United States (TSUSA). The TSUSA
can be purchased annotated looseleaf editon from the
U.S. Government Printing Office (22). The United
States tariff system has official tariff schedules for over
400 edible items exported into the United States. The
TSUSA specifies the food product in detail and gives
the general rate of duty applicable to that product com-
ing from most countries and any special higher or
lower rates of duty for certain other countries.

2.2.6.2 Food Composition and the TSUSA

The rate of duty for certain food products is deter-
mined by their chemical composition. The rate of duty
on, some dairy products is determined in part by the,
fat content, as shown for milk and cream in Table 2-8.
The tariff for some Syrups is determined by the fruc-
tose content, for scme chocolate products by the sugar
or butterfat content, for butter substitutes by the but-
terfat content, and for some wines by their alcohol con-
tent (percent by volume).

2.2.7 United States Federal
Trade Commission

The Federal Trade Commission (FTC) is the most
influential of the federal agencies that have authority
over various aspects of advertising and sales promo-
tion practices for foods in the United States. The major
role of the FTC is to keep business and trade competi-
tHon free and fair. :

2.2.7.1 Enforcement Authority

The Federal Trade Commission Act of 1914 authorizes
the FTC to protect both the consumer and the business
person from anticompetitive behavior and unfair or
deceptive business and trade practices. The FTC peri-
odically issues industry guides and trade regulations’
and rules that tell businesses what they can and cannot
do. These issuances are supplemented with advisory
opinions given to corporations and individuals upon
request. The proposal of any new rules, guidelines, or
regulations is preceded by widespread notice or
announcement in the Federal Register and comments
are invited. The FTC not only has guidance and pre-
ventive functions but is also authorized to issue com-
plaints or shutdown orders and sue for civil penalties
for violation of trade regulation rules. The Bureau of
Consumer Protection is one of the FTC bureaus that
enforce and develop trade regulation rules.

2.2,7.2 Food Labels, Food Composition, and
Deceptive Advertising

While the Fair Packaging and Labeling Act of 1966 is
administered by the FTC, that agency does not have
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2-8
U.S. Harmonized Taritt Schedule for Milk and Cream

Rates of Duty
1
Article Description Units of Quantity ~ General' Special® 2
Milk and cream, not concentrated or containing
added sugar or other sweetening matter:
Of a fat content, by weight, not exceeding 1% Liters 0.37¢fiter Free (CA, E, IL, J, MX) 0.5¢/iter
Of a fat content, by weight, exceeding 1%
but not exceeding 6%:
For not over 11,356,236 liters entered in  Liters 0.47¢Niter - Free (_Ca. £, IL, J, MX) 1.7¢/liter
any calendar year 0.3¢fiter (CA)
Other Liters 1.7¢fiter  Free (ILLMX) 1.7¢/fliter
1¢fliter (CA)
Of a fat content, by weight exceeding 6%.:
Of a fat content, by weight, not exceeding 45%:
Described in general note 15 '
Liters 3.2¢Niter  Free {E, IL, J, MX) 15¢/liter
0.3¢/iter (CA)
Described in additional U.S. nole 5 Liters 3.2¢fhiter Free (E, IL) 15¢iter
S¢fliter (CA)
Other Liters 84gfliter See subheading 90.8¢iter
: 9906.04.01-9906.03
{MX)
Adapted from (22) (Section 0401).

'General tariff rate that appiies 1o most countries.

28pecial lower tariff treatment, with symbols reierring 1o specific programs.

3Special tariff rate applying to certain countries.

specific authority over the packaging and labeling of
foods. The FTC and FDA have agreed upon responsi-
bilities: FTC has primary authority over advertising of
foods and FDA has primary authority over labeling of
foods.

Grading, standards of identity, and labeling of
foods regulated by several federal agencies as de-
scribed previously have eliminated many potential
problems in the advertising of foods. Such federal reg-
ulations and voluntary programs have reduced the
scope of advertising and other forms of product differ-
entiation. Misleading, deceptive advertising is less
likely to be an issue and is more easily controlled. For

example, foods such as ice cream, mayonnaise, and.

peanut butter have star.dards of identity that set mini-
mum ingredient slandards. If these standards are not
- met, the food must be given a different generic desig-
nation (e.g., salad dressing instead of mayonnaise) or
be labeled “imitation.” Grading, standards, and label-
ing of food aid consumers in making price-quality
comparisons. Once again, analyses of chemical compo-
sition play an important role in developing and setting
these grades, standards, and labels. In many cases in
which the FTC intervenes, data from a chemical anzly-
sis become central evidence for all parties involved.

" 2.3 REGULATIONS AND

RECOMMENDATIONS FOR MILK

The safety and quality of milk and dairy products in
the United States are the responsibility of both federal
(FDA and USDA) and state agencies. The FDA has reg-
ulatory authority over the dairy industry in interstate
commerce, while the USDA involvement with the
dairy industry is voluntary and service oriented. Each
state has its own regulatory office for the dairy indus-
try within that state. The various regulations for milk
involve several types of chemical analyses.

2.3.1 FDA Responsibilities

The FDA has responsibility under the FD&C Act, the
Public Health Service Act, and the Import Milk Act to
assure consumers that the United States milk supply
and imported dairy products are safe, wholesome, and
not economically deccptive. Processors of both Grade
A and Grade B milk are required under FDA regula-
tions to take remedial action when conditions exist that
could jeopardize the safety and wholesomeness of milk
and dairy products being handled. As described in sec-
tion 2.2.0.2, the FDA also promulgates standards of
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identity and labeling, quality, and Gll-of-container
requirements for milk and dairy products moving in
interstate comumerce.

For Grade A milk and dairy products, each state
shares with the FDA the responsibility of ensuring
safety, wholesomeness, and economic integrity. This is
done through a Memorandum of Understanding with
the National Conference on Interstate Milk Ship-
ments, which is comprised of all 50 states. In coopera-
tion with the states and the dairy industry, the FDA has
also developed for state adoption model regulations
regarding sanitation and quality aspects of producing
and handling Grade A milk. These regulations are con-
tained in the Grade A Pasteurized Milk Ordinance
(PMOQ) (23), which all states have adopted as minimum
requirements.

The standards for Grade A pasteurized milk and
milk products and bulk-shipped heat-treated milk
products under the PMQ are given in Table 2-9. The
PMO' specifies that “all sampling procedures and
required laboratory examinations shall be in substan-
tial compliance with the . . . Edition of Standard Methods
for the Examination of Dairy Products of the American
Public Health Association, and the . .. Edition of Offi-
cial Methods of Analysis of the Association of Official
Analytical Chemists. (Insert edition number current at
time of adoption.)” (23-25).

The FDA monitors state programs for compliance
with the PMO and trains state inspectors. To facilitate
movement of Grade A milk in interstate commerce, a
federal-state certification program exists: the Inter-
state Milk Shippers (IMS) Program. This program is
maintained by the National Conference on Interstate
Milk Shipments, which is a voluntary organization
that includes representatives from each state, the FDA,

Pasteurized Milk Ordinance Standards for
2.9 Grade A Pasteurized Milk and Milk
- Products and Bulk-Shipped Heat-Treated

the USDA, and the dairy industry. In this program, the
producers of Grade A pasteurized milk are required to
pass inspections and be rated by cooperating state
agencies, based on PMO sanitary standards, require-
ments, and procedures. The ratings appear in the IMS
List (26), which is published by the FDA, and made
available to state authorities and milk buyers to ensure
the safety of milk shipped from other states.

2.3.2 USDA Responsibilities

Under authority of the Agricultural Marketing Act of
1946, the Dairy Quality Program of the USDA offers
voluntary grading services for manufactured or
processed dairy products (7 CFR 58). If USDA inspec-
tion of a dairy manufacturing plant shows that good
sanitation practices are being followed to meet the
requirements in the General Specifications for Dairy
Plants Approved for USDA Inspection and Grading Service
(27), the plant qualifies for the USDA services of grad-
ing, sampling, testing, and certification of its products.
A product such as nonfat dry milk is graded based on
flavor, physical appearance, and various laboratory
analyses, the last of which is given in Table 2-10.

As with the USDA voluntary grading programs for
other foods described in section 2.2,2.2, the USDA has
no regulatory authority regarding dairy plant inspec-
tions and cannot require changes in plant operations.
The USDA can only decline to provide the grading ser-
vices, which are available to the dairy plants for a fee.
The USDA, under an arrangement with the FDA,
assists states in establishing safety and quality regula-
tions for manufacturing-grade milk. Much as de-
scribed previously for the FDA with Grade A milk, the
USDA has developed model regulations for state adop-
tion regarding the quality and sanitation aspects of

U.S. Standards for Grades of Nonfat Dry

| table | Miik (Spray Process): Classiflcation
7 Milk Products According to Laboratory Analysls
Criteria Requirement 1.5, Extra U.S. Standard
Temperature Cooled to 7°C (45°F) or less and main- Laboratory Tests' Grade Grade
tained thereat . .
Bacterial limits’ 20,000 per ml Bacterial estimate, stan-
Colitorm Not to exceed 10 per mi: Provided dard plate ccunt per
that, in the case of bulk mitk trans- gram 40,000 75,000
port tank shipments, shall not Milkfat content, percent 1.25 1.50
exceed 100 per m! Moisture content, percent 40 5.0
Phosphatase? Less than 1 pg per ml by the Scharer Scorched particle content,
Rapid Method mg . dex. i 15.0 22.5
Drugs® No pasitive results on drug residue Solubility ":I I:!.:'a 1.2 2.0
detection methods U.S. High Heat 20 25
Titratable acidity (lactic
acid), percent 0.15 0.17
Adapted from (23). ured prog
Nat applicable to cu progducts. From 7 CFR S8.2528 (1997},

2ot applicabie to bufk-shipped heat-treated milk products.
3palerence to specific laboratory technigques.

Tal values are maximum allowed,
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producing and handling manufacturing-grade milk.
These regulations are given in the Milk for Manufactur-
ing Purposes and lIts Production and Processing, Recom-
mended Requirements (28). The states that have Grade B
milk have essentially adopted these model regula-
tions.

2.3.3 State Responsibilities

As described previously, individual states have en-
acted safety and quality regulations for Grade A and
manufacturing-grade milk that are essentially identical
to those in the PMO and the USDA Recommended
Requirements, respectively. The department of health
or agriculture in each state normally is responsibie for
enforcing these regulations. The states also establish
their own standards of idenitity and labeling require-
ments for milk and dairy products, which are generally
similar to the federal requirements.

2.4 REGULATIONS AND
RECOMMENDATIONS FOR SHELLFISH

Shellfish include fresh or frozen oysters, clams, and
mussels. They may transmit intestinal diseases such as
typhoid fever or act as carriers of natural or chemical
toxins. This makes it very important that they be
obtained from unpolluted waters and handled and
processed in a sanitary manner.

2.4.1 State and Federal Shellfish
Sanitation Programs

The growing, handling, and processing of shelifish
must comply not only with the general requiremer.:s of
the FD&C Act but also with the requirernents o? statc
health agencies cooperating in the National Shel!4sh
Sanitation Program (NSSP) administerec by the FDA
(29). The FDA has no regulatory power over shellfish
sanitation unless the product is shipped interstate.
However, the Public Health Service Act authorizes the
FDA to make recommendations and to cooperate with
state and local authorities to ensure the safety and
wholesomeness of shellfish. Under special agreement,
Canada, Japan, Korea, Iceland, Mexico, Australia, En-
gland, and New Zealand are in the NSSP and are sub-
.ject to the same sanitary controls as required in the
United States. Through the NSSP, state health person-
nel continually inspect and survev bacteriological
conditions in shellfish-growing areas. Any contami-
nated location is supervised or patrolled so that shell-
fish cannot be harvested from the area. State inspectors
check harvesting boats and shucking plants belcre
issuing approval certificates, which serve as operaii~z

licenses. The certification number of the approved
plant is placed on each shellfish package shipped.

2.4.2 Natural and Environmental Toxic
Substances In Shellfish :

A major concem is the ability of shellfish to concentrate
radioactive material, insecticides, and other chemicals
from their environment. Thus, one aspect of the NSSP
is to ensure that shellfish-growing areas are free from
sewage pollution and toxic industrial waste. Pesticide
residues in shellfish are usually quantitated by gas
chromatographic techniques, and heavy metals such
as mercury are commonly quantitated by atomic
absorption spectroscopy (e.g., AOAC Method 977.15).
Another safety problem with regard to shellfish is the
control of natural toxins, which is a separate issue from
sanitation. The naturally occurring toxins are pro-
duced by planktonic organisms and testing is con-
ducted using a variety of assays. Control of this toxic-
ity is achieved by a careful survey followed by
prohibition of harvesting from locations inhabited by -
toxic shellfish.

2.5 VOLUNTARY FEDERAL
RECOMMENDATIONS AFFECTING
FOOD COMPOSITION

2.5.1 Food Specifications, Food Purchase,
and Government Agencies

. Large amounts of food products are purchased by fed-

eral agencies for use in domestic {e.g.. school lunch)
and foreign prograims, prisons, veterans’ hospitals, the
armed forces, and other organizations. Specifications
or descriptions developed for many food products are

" used by federal agencies in procurement of foods, to

ensure the safety and quality of the product specified.
Such specifications or descriptions often include infor-
mation that requires assurance of chemical composi-
Horn.

2.5.1.1 Federal Specifications

A Federal Specification serves as a document for all
federal user agencies to procure essential goods and
services on a competitive basis. All such specifications
for foods should include at least the following infor-
mation:

Name of product

Grade or quality designation
Size of container or package

. Number of purchase units

Any cther pertinent information

'.Jl E S;J ty =
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2.5.1.2 Commercial ltem Descriptidns

Commercial Item Descriptions (CIDs) are a series of
federal specifications that usually contain the same
basic components, with certain optional elements.
CIDs are used in lieu of federal specifications to pur-
chase commercial off-the-shelf products of good com-
mercial quality. These products must adequately serve
government requirements and have an established
commercial acceptability. The Agricultural Marketing
Service of the USDA has management authority for all
food federal standardization documents, including
CIDs. The basic format of a CID follows:

—

Scope—name of product

. Classification—type, grade, class

3. Salient characteristics—analytical requirements,
procedure, and testing; preparation of sample;

. test results

4. Regulatory requirements—federal and state
mandatory requirements and regulations,
where applicable

5.  Quality assurance provisions——contractor certi-
fication clause, and inspection requirements,
when needed

6. Packaging—preservation, packaging, packing,
labeling, and case marketing

7. Notes—any special notes

N

2.5.1.3 Other Specifications

In addition to Federal Specifications and CIDs, federal
agencies use other terms for the specifications they use
in the purchase of foods. These include Purchase Prod-
uct Description (PPD), USDA Specifications, Com-
modity Specifications, and Military Specifications.

2.5.1.4 Examples of Specifications for
Food Purchase

Various CIDs, PPDs, Federal Specifications, or USDA
Specifications are used by the USDA (Commuodity Pro-
curement Branch, Livestock and Seed Program, Agri-
cultural Marketing Service) to purchase meat products
for programs such as school lunches. For example, the
CID for canned tuna (30) specifies salt/sodium levels,
with analysis to be done by the AOAC flame photo-
metric method for sodium and:potassium in seafood.
The Institutional Meat Purchase Specifications (a
USDA specification) for frozen ground pork (31) and
frozen ground beef products (32) state maximum
aliowable fat contents. In specifications for many meat
products, the purchaser may specify discount ranges
for fat content analysis below the maximum allowable

fat content, such that a premium price is paid for a
product with a lower fat content. The Insttutional
Meat Purchase Specification for lean finely textured
beef specifies minimums for protein content, protein
efficiency ratio, and essential amino acid content (32),

Commodity Specifications for a variety of poultry
products have been issued by the USDA (Comumodity
Procurement Branch, Peultry Program, Agricultural
Marketing Service). Samples for analyses may be sub-
mitted to USDA laboratories. Specifications generally
state how the USDA laboratory will sample the prod-
uct and report the results, and in some cases what
method will be used to do the assay. For example, the
moisture content of dried egg mix (33) will be analyzed
in accordance with Laboratory Methods for Egg Products
(34). Such a dried egg mix is to consist of liquid whole
eggs, nonfat dry milk, vegetable oil, and salt. Cotton-
seed cormn or soybean oil can be used as the vegetable
oil, with spedifications given for the following, as
determined by AOCS test methods: free fatty acid
value, peroxide value, linoienic acid, moisture and
volatile matter, iodine value, and Lovibond color val-
ues (see Chapter 14 for some of these tests).

Commodity Spedfications have been developed
for bulk dairy products purchased by the Commaodity
Credit Corporation of the USDA under the Dairy Price
Support Program (35). For example, the moisture and
vitamin A contents of nonfat dry milk are specified, as
are the moisture content of cheese and butter, and the
milkfat content and pH of butter. Pasteurized process
American cheese (36) and mozzarella cheese (37) “for
use in domestic donation programs” have specifica-
tions on moisture and milk fat contents.

The Defense Personnel Support Center of the
Defense Logistics Agency, Department of Defense, uti-
lizes a variety of specifications, standards, and notes in
the purchase of food for the military: USDA Notices or
Purchase Specifications (Schedules), CIDs, Military
Specifications, and Non Governmental Standards (e.g.,
Institutional Meat Purchase Specifications). For exam-
ple, they use CID for syrup (38) and instant tea (39),
USDA Specification for slab or sliced bacon (40), USDA
Institutional Meat Purchase Specifications for frozen
frankfurters (41), and Military Specification for beef
stew {dehydrated, cooked) (a combat ration item) (42).

2.5.2 National Conference on Weights and
Measures: State Food Packaging Regulations

Consumers assume that the weighing scale for a food
product is accurate and that a package of flour, sugar,
meat, or ice cream contains the amount claimed on the
label. While this assumption is usually correct, city or
county offices responsible for weights and measures
need to police any unfair practices. Leadership in this
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area js provided by the National Conference on

Weights and Measures (NCWM) (43).

2.5.2.1 National Conference on Weights
and Measures

The NCWM was established in 1905 by the National
Institute of Standards and Technology (NIST) (for-
. merly the National Bureau of Standards), which is part
of the U.S. Department of Commerce. This came from
a need to bring about uniformity in state laws referring
to weights and measures and to create close coopera-
tion between the state measurement services and NIST.
The NCWM has no regulatory power, but it develops
many technical, legal, and general recommendations in
the field of weights and measures administration and
technology. The NCWM is a membership organization
comprised of state and local weights and measures reg-
ulatory officers; other officials of federal, state, and
local governments; and representatives of manufactur-

ers, industry, business, and consumer organizations. It
assembles for an annual meeting of decision making
officials and generates uniformity in the regulations
issued by these officials concerning weights and mea-
sures.

2.5.2.2 NIST Handbook 133

The NIST Handbook 133, Checking the Net Contents of
Packaged Goods (44), gives model state packaging and
labeling regulations that have been zdopted by 2
majority of states. The Handbook provides detailed
procedures for (1) testing packages labeled by liquid or
dry volume; length, area, count, and combinations of
labeled quantities; (2) testing certain hard-to-measure
prepackaged goods; and (3) sampling to determine
compliance with regulations. The Handbook specifies
that the average quantity of contents of packages must
at least equal the labeling quantity, with the variation
between the individual package net contents and the
labeled quantity not too “unreasonably large.” Varia-
tions are permitted within the bounds of GMPs and are
due to gain or loss of moisture (within the bounds of
good distribution practice). For certain products (e.g.,
flour, pasta, rice) this requires careful monitoring of
moisture content and control of storage condmons by
the manufacturer.

2.6 INTERNATIONAL STANDARDS
AND POLICIES

With the need to compete in the worldwide market,
employees of food companies must be aware that

allowed food ingredients, names of food ingredients,
required and allowed label information, and standards
for foods and food ingredients differ between countries.
For example, colorings and preservatives allowed in
foods differ widely between countries, and nutritional
labeling is not universally required. To develop foods
for, and market foods in, a global economy, one must
seek such information from international organizations
and from organizations in specific regions and coun-

tries.

2.6.1 Codex Alimentarius

The Codex Alimentarius Commission (Alimentarius
is Latin for “code concerned with nourishment”) was
established in 1962 by two United Nations organiza-
tions, the Food and Agriculture Organization (FAO)
and the World Health Organization (WHO), to develop
international standards and safety practices for foods
and agricultural products (45-47). The standards, pub-
lished in the Codex Alimentarius, are intended to pro-
tect consumers’ health, ensure fair business practices in
food trade, and facilitate international trade of foods
(46).

The Codex Alimentarius is published in 13 volumes:
one on general requirements {includes labeling, food
additives, contaminants, irradiated foods, import/
export inspection, and food hygiene), nine on stan-
dards and codes of practice compiled on a commodity
basis, two on residues of pesticides and veterinary
drugs in foods, and one on methods of anzlvsis and
sampling (Table 2-11). Codex has efforts to validate ar.d
harmonize methods of food safety analysis amorg
countries and regions, to help maintain the smooth
flow of international commerce, and ensure approy:si-
ate decisions on food experts and imporis. Codex has
adopted the HACCP concept as the preferred means o
ensure the safety of perishable foods, anc is determin-
ing how HACCP will be implemented in Codex Air-
mentarius.

Recently Codex has strengthened it commitiment
to base food standards on strong science, rather than
on social or cultural factors, economics, cr trace p.oli-
cies. The setting of international standards i feod
quality by Codex has been a high priority in worl|
trade to minimize “nontariff” trade barriers. I-teriia-
tional trade of food and raw agricultural proguzts has
increased due to reduced economic trade restrictions
and tariffs imposed, but food standards set in the past
by some countries created nontariff trade bzrricrs.
Food standards developed by Codex are intended to
overcome the misuse of standards by a country, when
the standards do more to protect products in a countrv
from the compctition of imports than to protect the
health of consumers,



Chapler2 « 1U.S. Government Regulations and international Standards

35

2-11

[ table | Content of the Codex Alimentaris (46)

Volume Subject

1A General Requirements

18 General Requiremients (Food Hygiene)

2A Pesticice Resicues in Foods (General Text)

28 Pesticide Residues in Foods (Maximum Residue
Limnits)

3 Residues in Veterinary Orugs in Foods

4 Foods for Special Dietary Uses

S5A Processed and Quick-Frozen Fruits and Vegeta-
bles

58 Fresh Fruils and Vegetables

6 Fruit Juices

7 Cereals, Pulses {Legumes) & Derived Products
and Vegetable Proteins

3 Fats and Qils and Related Products

9 Fish and Fishery Products

10 . -Meat and Meat Products, Soups and Broths

11 Sugars, Cocoa Products and Chocolate, and
Misc. Products

12 Milk and Milk Products

13 Methaods of Analysis and Sampling

Decisions at the 1994 Uruguay Round of the Gen-
eral Agreement on Tariffs and Trade (GATT) strength-
ened the role of Codex as the principal standard-set-
ting group internationally for the quality and safety of
foods. The United States is among the 156 countries
that are members of Codex. The United States recog-
nizes treaty obligations related to Codex that have
arisen from GATT. As a result, representatives of the
FDA, USDA, and EPA (the three United States federal
agencies that participate in Codex) in 1995 developed a
strategic plan for Codex that included greater United
States acceptance of Codex standards. In the United
States, there is increased participation of nongovern-
mental organizations (e.g., Grocery Manufacturers of
America, GMA) in the Codex process, with many food
companies working through these organizations.

2.6.2 ISO Standards

In addition to food standards and policies established
by the Codex Alimentarius Commission, the Interna-
tional Organization for Standardization (ISO) has a
series (9000 and beyond) of international standards on
quality performance and record keeping (48-50). The
intent of the quality series standards for a companyisto
establish quality systems, maintain product integrity,
and satisfy customers. ISO focuses on documentation of
procedures that ensure a systematic approach to qual-
ity management. Companies can elect to become regis-
tered only in the relevant parts of the ISO standards.
Some manufacturers and retailers require food indus-

try suppliers to be ISO certified. Relevant to food analy-
sis, ISO standards include sampling procedures and
food standards.

2.6.3 Other Standards

Other intenational, regional, and country-specific
organizations publish standards relevant to foed com-
position and analysis. For example, the Saudi Arabian
Standards Organization (SASQO) publishes standards
documents (e.g., labeling, testing methods) important
in the Middle East (except Israel), and the European
Commission sets standards for foods and food addi-
tives for countries in the European Economic Commu-

" nity (EEC). In the United States, the Food Chemicals

Codex (FCC) Comumittee, which operates as part of the
Food and Nutrition Board of the National Academy of
Sciences, sets standards for the identification and
purity of food additives and chemicals (51). For exam-
ple, a company may specify in the purchase of a spe-
cific food ingredient that it be “FCC grade.” Countries
other than the United States adopt FCC standards (e.g.,
Australia, Canada). At an international level, the Joint
FAO/WHO Expert Committee on Food Additives
(JECFA) sets standards for purity of food additives
(52). The Codex Alimentarius Comurission is encour-
aged to utilize the standards established by JECFA.
Standards established by FCC and JECFA are used by
many countries as they develop their own standards.

2.7 SUMMARY

Various kinds of standards set for certain food prod-
ucts by federal agencies make it possible to get essen-
tiaily the same food product whenever and wherever
purchased in the United States. The standards of iden-
tity set by the FDA and USDA define what certain food
products must consist of. The USDA and National
Marine Fisheries Service of the Department of Com-
merce have specified grade standards to define attrib-
utes for certain foods. Grading programs are voluntary,
while inspection programs may be either voluntary or
mandatory, depending on the specific food product.
While the FDA has broadest regulatory authority
over most foods, responsibility is shared with other
regulatory agencies for certain foods. The USDA has
significant responsibilities for meat and poultry; the
National Oceanic and Atmospheric Administration
and the National Marine Fisheries Service for seafood;
and the Bureau of Alcohol, Tobacco, and Firearms for
alcoholic beverages. The FDA, the USDA, state agen-
cies, and the dairy industry work together to ensure
the safety, quality, and economic integrity of milk and
milk products. The FDA, the EPA, and state agencies
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work together in the Nationa] Shellfish-Sanitation Pro-
gram to ensure the safety and-wholasomeness of shell-
fish. The EPA shares ility with tire FDA for
control of pesticide residues in foods and has responsi-
bility for drinking water safety and the composition of
effluent from food processing plants. The Customs Ser-
vice receives assistance from the FDA and USDA in its
role to ensure the safety and economic integrity of
imported foods. The Federal Trade Comumission works
with the FDA to prevent deceptive advertising of food
products, as affected by food composition and labels.
The National Conference on Weights and Measures,
under the National Institute of Standards and Technol-
ogy within the Department of Cominerce, has devel-
oped model packaging and labeling regulations re-
lated to weights and measures of food packages.

The chemical composition of foods is often an
important factor in determining the quality, grade, and
price of a food. Government agencies that purchase
foods for special programs often rely on detailed spec-
ifications that include information on food composi-
ton.

International organizations have developed food
standards and safety practices to protect consumers,
ensure fair business practices, and facilitate interna-
tional trade. The Codex Alimentarius Commission is
the major international standard-setting group for food
safety and quality. The International Organization for
Standardization has a series of standards that focus on
documentation of procedures, with some relevant to
food analysis. Certain regional and country-specific
organizations also publish standards related to food
composition and analysis.

2.8 STUDY QUESTIONS

1. Define the abbreviations FDA, USDA, and EPA, and give
two examples for each of what they do or regulate rele-
vant to food analvsis.

2. Differentiate “standards of identity,” “standards of qual-
ity,” and “grade standards” with regard to what they arc
and which federal agency establishes and regutates them.

3. Government regulations regarding the composition of
foods often state the official or standard method by which
the food is to be analyzed. Give the full name of three
organizations that publish commonly referenced sources
of such methods.

4. For each rype of product listed below, identifv the gov-
emmental agency (or agencies) that has regulatory or
other responsibility for quality assurance. Specify the
nature of that responsibility.

frozen fish sticks

. contaminants in drinking water

dessert wine

. Grade A milk

. frozen oysters

imporled chocolate products

P A0 o

g residual pesticide on wheat grain
h. corned beef
5. Food products purchased by federal agencies often have
specifications that include requirements for chemical
composition. Give the names of four such specifications,
6. You are developing a food product that will be marked in
another country. What factors will you consider as you
decide what ingredients-to use and what information to
include on the food label? What resources should you-use
as you make these decisions?
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Chapter 3 = Nutrition Labeling

a1

3.1 INTRODUCTION

Nutrition labeling regulations differ in countries
around the world. The focus of this chapter is on nutri-
tion labeling regulations in the United States, as speci-
fied by the Food and Drug Administration (FDA) and
the Food Safety and Inspection Service (FSIS) of the
U.S. Department of Agriculture (USDA). A major rea-
son for analyzing the chemical components of foods
in the United States is nutrition labeling regulations.
The FDA was authorized under the 1906 Federal Food
and Drug Act and the 1938 Federal Food, Drug, and
Cosmetic (FD&C) Act to require certain types of food
labeling (1, 2). This labeling information includes the
amount of food in a package, its common or usual
name, and its ingredients. The 1990 Nutrition Label-
ing and Education Act (NLEA) (2, 3) modified the 1938
FD & C Act to regulate nutrition labeling.

The FDA and FSIS of the USDA (referred to
throughout chapter simply as FSIS) have coordinated
their regulations for nutrition labeling. The regulations
of both agencies strive to follow the intent of the NLEA,
although only the FDA is bound by the legislation. The
differences that exist in the regulations are due princi-
pally to the inherent differences in the food products
regulated by the FDA and USDA (USDA regulates
meat, poultry, and meat and poultry products, orly).
The two agencies maintain close harmony regarding
interpretation of the regulations and changes made in
regulations.

Complete details of the current nutrition labeling
regulations are available in the Federal Register and
* the Code of Federal Regulations (CFR) (4-7). The 1973
regulations on nutrition labeling and the 1990 NLEA
are described briefly below, followed by select aspects
of current FDA and FSIS nutrition labeling regulations.
In developing a nutrition label for a food product, refer
to details of the regulations in the CFR and other refer-
ences cited. A reference manual that explains nutri-
tional labeling regulations (with continual updating)
can be purchased from the National Food Processors
Association {a nonprofit organization) (8) and several
commercial publishers (9). The FDA has available in
print and on the Internet A Food Labeling Guide (10),
which refers to the document Food Labeling—Questions
and Answers, available from the Industry Activities
Staff (11). This and other relevant Internet addresses
are given at the end of this chapter.

3.1.1 1973 Regulations on Nutrition Labeling

The FDA promulgated regulations in 1973 that permit-
ted, and in some cases required, foods to be labeled
with regard to their nutritional value (1, 2). Nutrition
labeling was required only if a food contained an
added nutrient or if a nutrition claim was made for the

food on the label or in advertising. The nutrition label
included the following: serving size; number of serv-
ings per container; calories per serving; grams of pro-
tein, carbohydrate, and fat per serving; and percentage
of U.S. Recommended Dietary Allowance (USRDA)
per serving of protein, Vitamins A and C, thiamine,
riboflavin, niacin, calcium, and iron. In 1984, the FDA
adopted regulations to include sodium content on the
nutritional label (effective 1985).

3.1.2 Nutrition Labeling and Education Act
(NLEA) of 1990

Since the nutrition label was established in 1973,
dietary ecommendabions for better health have
focused more on the role of calories and macronutri-
ents (fat, carbohydrates, etc) in chronic diseases and
less on the role of micronutrients (minerals and vita-
mins) in deficiency diseases. Therefore, in the early
1990s the FDA revised the content of the nutritional
label to make it more consistent with current dietary
concerns (see Table 3-1 and Fig. 3-1, which are dis-
cussed more in section 3.2.1). The list of specific nutri-
ents to be included on the nutrition label was only one
aspect of the Nutrition Labeling and Education Act of
1990 (NLEA) (2, 3), which amended the FD&C Act with
regard to five primary changes:

1. Mandatory nutrition labeling for almost all food
products '

2. Federal regulation of nutrient content claims
and health claims

3. Authority for states to enforce certain provi-
sions of FD&C Act

4. Federal preemption over state laws for mis-
branding provisions

5. Declaration of ingredients

3.2 FOOD LABELING REGULATIONS

For each aspect of nutrition labeling regulations
described below, general or FDA labeling requirements
are covered, followed by, if applicable, certain FSIS reg-
ulations that differ from the FDA requirements. While
the focus here is on mandatory nutrition labeling, it
should be noted that the FDA has guidelines for vol-
untary nutrition labeling of raw fruit, vegetables, and
fish (21 CFR 101.45), and FSIS has guidelines for vol-
untary nutrition labeling of single-ingredient raw meat
and poultry products (9 CFR 317.345, 317.445). These
FDA and FSIS guidelines for voluntary nutrition label-
ing differ in issues such as source of nutrient databases
used, compliance checks, and use of claims on product
labels.
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3.2.1 Mandatory Nutrition Labeling
3.2.1.1 Baslc Format

The FDA regulations implementing the 1990 NLEA
require nutrition labeling for most foods offered for
sale and regulated by the FDA (21 CFR 1019 to
101.108), and FSIS regulations require nutrition label-
ing of most meat or meat products (3 CFR 317.300 to
317.400) and poultry products (9 CFR 381.400 to
381.500). Certain nutrient information is required on
the label, and other information is voluntary (Table
3-1). In addition, while FSIS allows voluntary declara-
tion of stearic acid content on the label, FDA does not,
but has been petitioned to do so.

The standard format for nutrition information on
food labels [21 CFR 101.9 (d)] is given in Fig. 3-1 and
consists of the following:

1. Serving size; .

2. Quantitative amount per serving of each nutri-
ent except vitamins and minerals;

3. Amount of each nutrient, except sugars and
protein, as a percent of the Daily Value (ie., the

3-1 Mandatory (Bold) and Voluntary
- Components for Food Label Under Nutrifion
m Labeling and Education Act of 1990

Total Calories

Calories from fat

Calories from saturated fat

Total {at
Saturated tat
Polyunsaturatec fat
Monounsalurated fat

Cholestero}

Sodium

Potassium

Totaf carbohydrate
Dietary fiber
Soluble ik or
Insoluble “ioer
Sugars
Supar e'cohols {e.q., sugar substitules xylitol, mannitol,
and sarcio))

Othet carbenydrate (the difference beiween total carbohy-
drate and ithe sum of dietary fiber, sugars, and sugar
alcohols, if declared)

Protein

Vitamin A

Vitamin C

Calcium

iron

Other essertial vitaming and minerals

From (5).

'Nutrition pane! will have the heading “Nutrilion Facts.” Only com-
ponents lisied are allowed cn the nulrition panel. and they must be
in the order histed. Comporents are 10 be expressed as amount
andfor as peicent of an esizblished “Daity Value ~

new label reference values) for a 2000 calorie
diet; and

4. Footnote with Daily Values for selected nutri-
. ents based on 2000 calorie and 2500 calorie diets.

The term Daily Value used on the basic label for-

‘mat refers to the two terms, Reference Daily Intake

(RDI) and Daily Reference Value (DRV). The term RDI
has replaced the term US. Recommended Dietary
Allowance (USRDA). The RDI values for essential vit-
amins and minerals are given in Table 3-2 in the order
in which they are to appear on nutrition labels, and the
DRVs for food components are given in Table 3-3. A
Daily Value for sugars has not been established. Nutri-
ent content values and percent Daily Value calculations
for the nutrition label are based on serving size. Serv-
ing size regulations of the FDA and FSIS differ in issues
such as product categories, reference amounts, and
serving size for units or pieces [21 CFR 101.12 (b), 101.9
(b); 9 CFR 317.312 (b), 381.412 (b), 317.309 (b), 381.409

)8

Reference Daily Intakes (RDis) for
- 3-2 Vitamins and Minerals Essential In

[_table | Human Nutrition'?

Nutrient RDI
Vitamin A 5000 IV
Vitamin C 60 mg
Calcium 1030 mg
tron 16 mg
Vitamin D 4001
Vitamnin E 301U
Vitamin K 80 u3
Thiamin 1.5mg
Ribollavin 1.7m3
Nizgin 20 mg
Vitamin £, 2mg
Folate 400 pg
Vitamin B> € ug
Biotin 300 kg
Pantothenic acid 10 mg
Phosphorus 1000 mg
lodine 150 ug
iMagnesium 400 mn
Zinc 15mz
Selenium 70 pg
Copper 2mg
Manganese 2mg
Chromim 120 ug
Melvere ~um 75 g
Chignice » 3400 mg

From 1 LPR 101,64 () (€ {iv) (1627).

"Vatues are e 23ulic ano craidren 4 or more years of age. RDI val-
ues have « <0 heen esiabiched (or infants, children under & years of
age, anc pre3nan! end lacialing women.

“RDI values |.sled Dy she Food Sateiy and Inspection Service [@ CFR
217 309 (c}18) (iv} 8 CFR 331.402 {c) (8) (iv}) are as above but d¢
rnolinclude volues tor chionge, chromium, manganese, Vitamin K,
mOlybTe W™, &ng selonym,
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' 3-3 Daily Reference Volues (DRVS) of Food
Components Based on the Reterence

[_table | Calorie Intake of 2000 Calorles

Food Component DRV
Fat 859
Saturated fatty acids 2049
Cholesterol 3c0mg
Total carbohydrate 300g
Fiber 25¢g
Sodium 2400 mg
Potassium 3500 mg
Protein 50g

From 21 CFR 101.9 (c) (9) (1997). Same as in 9 CFR317.309 (c) (9)
and 9 CFR 381.409 (c) (9).

3.2.1.2 Simplified Format

A simplified format for nutrition information on FDA-
regulated foods may be used if seven or more of the 13
required nutrients are present in only insignificant
amounts (but does not include calories from fat) (e.g.,
soft drinks) [21 CFR 101.9 {f}]. For such foods, informa-
tion on five core nutrients (calories, tota] fat, total car-
bohydrate, protein, and sodium) must be given. How-
ever, if other mandatory nutrients are present in more
than insignificant amounts they must be listed.
“Insignificant” is defined generally as the amount that
allows a declaration of zero on the nutrition label.
However, in the cases of protein, total carbohydrate,
and dietary fber, insignificant is the amount that
allows a statement of “less than 1 gram.” Footnotes to
the simplified format label are optional, except if the
complete footnote regarding percent DV is omitted, in
which case the statemeént “Percent Daily Values are
based on a 2000 calorie diet” must be included” The
statement “Not a significant source of " is
optional on the simplified format label of an FDA-reg-
ulated product, unless a nutrient claim is made on the
label or optional nutrients (e.g., potassium) are volun-
tarily listed on the nutrition label.

For USDA-regulated foods, a simplified nutrition
label format may be used when any nutrient other than
a core nutrient (calories, total fat, sedium, carbohy-
drate, or protein) is present in an insignificant amount
[9 CFR 317.309 (f), 381.409 (f)]. Missing nutrients must
be listed in a footnote, “Not a significant source of
. This option also exists for FDA-regulated
foods but it is known as a “shortened” format [21 CFR
101.96 (c); see listing for each non-core nutrient].

3.2.1.3 Exemptions

Certain foods are exempt from FDA mandatory nutri-
tion labeling requirements (21 CFR 101.9 (j)] (Table 3-4),
unless a nutrient content claim or health claim is made.
Special labeling provisions apply to certain other foods

Nutrition Facts

Serving Size 1 eup (228q)
Servings Per Container 2

Amount Per Serving
Calories 260 Calories from Fat 120
% Daily Valuea*

Total Fat 13g 20%
Saturated Fat 5g 25%

Cholesterol 30mg 10%

Sodium 660mg 28%

Total Carbohydrate 31g 10%
Dietary Fiber Og 0%
Sugars 5¢

Protein 5g

Vitamin A 4% ¢« Vitamin C 2%

Calcium 15% . Iron 4%

~ Percent Daily Values are based on a 2,000
calorie diet. Your daily values may be higher
or lower depending on your calorie needs:

Calories: 2,000 2,500
TotalFat  Lessthan 65¢ 80g
SatFat lessthan 20g 25g
Cholesterol lessthan 300mg  300mg

Sodium Lessthan 2,400mg 2,400mg

Total Carbotydrate 300g 3759
Dietary Fer 25g 30g

Calories per gram:

Fat 9 « Carhohydrate 4 « Protein 4

3-1 An example of the nutrition label, Nutrition
higure | Labeling and Education Act of 1990. (Courtesy
of the Food and Drug Administration, Wash-

ington, DC.)

as specified in 21 CFR (e.g., foods in small packages;
foods for children; game meats, shell eggs; foods sold
from bulk containers; unit containers in multiunit
packages; foods in gift packs). Infant formula must be
labeled in accordance with 21 CFR 107, and raw fruits,
vegetables, and fish according to 21 CFR 101.45. Di-
etary supplements must be labeled in accordance with
21 CFR 101.36 after March 1998.
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~3-4

' Foods Exempt from Manddatlory Nigrition
labeting Retuirements by the FDA!

Food offered for sale by small business -

Food sold in restaurants or other establishments imwhich
food is served for immediate human consumption

Foods similar to restaurant foods that are ready to eat but
are not for immediate consumption, are primarity pre-
pared on site, and are not offered for sale outside that
location

Foods that contain insignificant amounts of all nutrients
subject to this rule, e.g.. coffee and tea

Dietary supplements

Infant formula

Medical foods

Foods shipped or sold in bulk form and not for sale to con-
sumers

Raw fruits, vegetables, and fish

Unit comtainers in a multiunit retail food package that bears
a nutrition label

Summarized from 21 CFR 101.9 (j) (1987).
'See details in regulations.

Exemptions from mandatory nutrition labeling for
USDA-regulated foods [9 CFR 317.400 (a), 381.500 {a)]
differ somewhat from those for FDA-regulated foods
regarding issues such as definitions of a small business,
small package, and retail product.

3.2.1.4 Rounding Rules

Increments for the numerical expression of quantity
per serving are specified for all mandatory nutrients
(Table 3-5, as summarized by FDA) [21 CFR 101.9 (c); 9
CFR 317.309 (c), 381.409 (c)). For example, calories are
to be reported to the nearest 5 calories up to and includ-
ing 50 calories, and to the nearest 10 calories above 50
calories. Calories can be reported as zero if there are
less than 5 calories per serving.

3.2.1.5 Calorie Content

Caloric conversion information on the label for fat, car-
bohvdrate, and protein is optional. The FDA regula-
tions specity five methods by which caloric content
may be calculated, one of which uses bomb calorime-
try {21 CFR 101.9 (c) (1)):

1. Specific Atwater factors for calories per gram of
protein, total carbohydrate, and total fat;

2. The general factors of 4, 4, and 9 calories per
gram of protein, total carbohydrate, and total
fat, respectively;

3. The general factors of 4, 4, and 9 calories per
gram of protein, total carbohydrate, less the
amount of insoluble dietary fiber, and total fat,
respectively;

4. Data for specific food factors for particular
foods or ingredients approved by the FDA; or

5. Bomb calorimetry data subtracting 1.25 calories
per gram protein to correct for incomplete- di-

gestibility.

FSIS allows only the calculation procedures 1-4 above,
and not the use of bomb calorimetry for caloric content
[9 CFR 317.309 (c) (1) (i), 381.409 (c) (1) (D)].

3.2.1.6 Protein Quality

For both FDA-regulated and USDA-regulated foods,
reporting the amount of protein as a percent of its Daily
Value is optional, except if a protein claim is made for
the product, or if the product is represented or pur-
ported to be used by infants or children under four
years of age, in which case the statement is required {21
CFR 101.9 (¢) (7); 9CFR 317.309 (¢} (7) (i), 381.409 (c) {7
(1)]. For infants foods, the corrected amount of protein
per serving is calculated by multiplying the actual
amount of protein (g) per serving by the relative pro-
tein quality value. This relative quality value is the Pro-
tein Efficiency Ratio (PER) value of the subject food
product divided by the PER value for casein. For foods
represented or purported for adults and children one
year or older, the corrected amount of protein per serv-
ing is equal to the actual amount of protein (g) per serv-
ing muitiplied by the Protein Digestibility—Cor-
rected Amino Acid Score (PDCAAS). Both the PER
and PDCAAS methods to assess protein quality arc
described in Chapter 17. The FDA and FSIS allow use
of the general factor 6.25 and food specific factors for
this calculztion (described in Chapter 15).

3.2.2 Compliance

Compliance procedures of the FDA and FSIS for nutni-
tion labeling differ somewhat in sample collection,
specified methods of analysis, and levels required for
compliance [21 CFR 101.9 (g); 9 CFR 317.3C3 (h),
381.409 (h)).

3.2.2.1 Sample Collection

Random sampling techniques are used by the FDA to
collect samples to be analyzed for compliznce with
nutrition labeling regulations. A “lot” is the basis for
sample coliection by the FDA, defined as “a collection
of primary containers or units of the same size, tvpe,
and style produced under conditions as nearly uni-
form as possible, and designated by a common con-
tainer code or marking, or in the absence of any com-
mon container code or marking, a day’s production.”
The sample used by the FDA for nutrient analysis con-
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Vitamins and Minerals

Beta-carotene

1
_ table | Rounding Rules for Declaring Nuttlents on Nufrition Label
Insignificant
Nutrient/Serving Increment Rounding Amount
Calories <5 cal--axpress as zero ) <5 cal
150 cal—express 10 nearest S cal increment
>50 cal—express o nearest 10 cal increment
Calories from fat <5 cal—express as zero <5 cal
<50 cal—express to nearest 5 cal increment
»>50 cal—express to nearest 10 cal increment
Caiories from saturated fat <5 cal—express as zero <5 cal
<50 cal—express lo nearest 5 cal increment
>50 cal—express to nearest 10 cal increment
Total fat, <0.5 g—express as zero <05¢g
Polysaturated fat, <5 g—express to nearest 0.5 g increment
Menounsaturated fat =5 g—express to nearest 1 g increment
Saturated fat <0.5 g—express as zero <0.5¢g
' <5 g—express to nearest 0.5 g increment
=5 g——express lo nearest 1 g increment
Cholesterol <2 mg—express as 2ero <2mg
2-5 mg—express as “less than S mg”
>5 mg—express to nearest 5 mg increment
Sodium, <5 mg—express as zero <5mg
Potassium 5-140 mg—express to nearest § mg increment
> 140 mg—express to nearast 10 mg increment
Total carbohydrate, <0.5 g—express as zero <lg
Sugars, Sugar alcohals, <1 g—express as “Contains less than 1 g OR “lessthan 1 g~
Other carbohydrates =1 g—express to nearest 1 g increment
Dietary fiber, <(.5 g—express as zero <1g
* Soluble fiber, <1 g—express as "Contains less than 1 g" OR “less than 1 g”
Insoluble fiber =1 g—express to nearest 1 g increment
Protein <0.5 g—express as zero <1g
. <1 g—exprass as “Conlains less than 1 g" OR "lessthan 1 g"
- =1 g—express to nearest 1 g increment
<2% RO

<2% of RDl—may be expressed as:
(1) 2% If actual amount is 1.0% or more
{2) zero
{3) an asterisk that refers to statement "Contains less than 2% of the Daily
Value of this (these) nutrient {nutrients)
(4) for Vitamins A and C, caicium, iron: statement “Not a significant source
of ____ (listing the vitamins or minerals omitted)”
<10% of RDl—express to nearest 2% increment
>10% to =50% of Vitamin A—express to nearest 5% increment
>50% of RDi—express to nearest 10% increment

210% of Vitamin A—express to nearest 2% increment
>10% lo <50% of Vitamin A-—express to nearest 5% increment
>50% of Vitamin A—express to nearest 10% increment

'Summarized from- lechnical amendments ol mandatory nutritional labeling final rule, August 1993. FDA, Dec. 4, 1994, Office of Food Labe!-
ing, Center for Food Safety and Applied Nutrition, Food and Drug Administration, Washington, OC.
o express lo the nearest 1 g increment, amounts exactly halfway betwean two whole numbers or higher (e.g.. 2.50 to 2.99 g) round up (e.g.
3 g). and amounis less than haltway between two whole numbers (g.g.. 2.0% to 2.49 g) round down (e.g.. 2 g).
INOTES FOR ROUNDING % Daily Value (DV) for Total Fat, Saturated Fat, Cholesterol, Sodium, Total Carbohydrate, Fiber, and Protein:
(a) To calculate %DV, divide sither the actual (unrcundad) quantitativa amount of the deciared {rounded) amount by the appropriate RDI or
DRV. Use whichever @mount will pravide the greatest consistency on the food label and prevent unnecessary consumer confusion (21

" CFA 101.9 (aX7X#).

(b) When %0V values tall between two whole numbers. rounding shall be as follows:
—for values exactly halfway between two whale numbers or higher (g.g.. 2.50 to 2.99) the values shali round up (e.g., 3%).
—lor values less than halfway between two whale numbers {e.g., 2.01 to 2.49) the values shall round down (e.q.. 2%).
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sists of a “composite of 12 subsamples (consumer
units), taken 1 from each of 12 different randomly cho-
sen shipping cases, to be representative of a lot” [21
CFR 101.0 (g)}.

The FSIS defines a “lot” similar to that of the FDA.
However, the sample used by FSIS for compliance
analysis is a composite of a minimum of six consumer
units: (1) each from a production lot, or (2) each ran-
domly chosen to be representative of a production lot
[9 CRF 317.309 (h), 381.405 (h)).

3.2.2.2 Methods of Analysis

The FDA states that unless a particular method of
analysis is specified in 21 CFR 101.9(c), appropriate
methods of AOAC International published in the Offi-
cial Methods of Analysis (12) are to be used. Other reliable
and appropriate methods can be used if no AOCAC
method is available or appropriate. If scientific knowl-
edge or reliable databases have established that a nutri-
ent is not present in a specific product (e.g., dietary fiber
in seafood, cholesterol in vegetables), the FDA does not
require analyses for the nutrients. FSIS specifies for
nutritional analysis the methods of the USDA Chemistry
Laboratory Guidebook (13). If no USDA method is avail-
able and appropriate for the nutrient, methods in the
Official Methods of Analysis of AOAC International (12)
are to be used. If no USDA, AOAC Intemational, or
specified method is available and appropriate, FSIS
specifies the use of other reliable and appropriate ana-
lytical procedures as determined by the Agency.

3.2.2.3 Levels for Compliance

The FDA and FSIS both. monitor accuracy of nutrient
content information for compliance based on two
classes of nutrients and an unnamed third ‘group, as
described in Table 3-6. For example, a product fortified
with iron would be considered misbranded if it con-
tained less than 100% of the label declaration. A prod-
uct that naturally contains dietary fiber would be con-
sidered misbranded if it contained less than 80% of the
label declaration. A product would be considered mis-
branded if it had a caloric content greater than 20% in
excess of the label declaration. Reasonable excesses
over labeled amounts (of a vitamin, mineral, protein,
total carbohydrate, polyunsaturated or monounsatu-
- rated fat, or potassium) or deficiencies below label
amounts-(of calories, sugars, total fat, saturated fat,
cholesterol, or sodium) are acceptable within current
Good Manufacturing Practices (cGMP).

For FDA-regulated foods, compliance with the -

regulations described above can be obtained by use of
FDA-approved databases (14) [21 CFR 109.9 (g) (5]
that have been computed using FDA guidelines, and
foods have been handled under ¢GMP conditions to

Basis for Compliance of Nutrition Labeling
Regulation by Food and Drug
i Adminisiration and Food Safety and
KI-BR Inspection Service of the United Siates

[ toble | pepariment of Agriculture’

Class of  Purposes of Nutrients
Nutriants  Compliance Regulated % Required®
| Added nutri- Vitamins, miner- =100%
ents in for- als, protein,
tified or dietary fiber,
fabricated potassium
foods
I Naturally Vitamins, miner- 280%
oCCurring als, protein,
{indige- total carbohy-
nous} drate, dietary
nutrients fiber, other car-
bohydrates,
polyunsatu-
raled or
monounsatu-
rated fat,
potassium
»2 - Calories, sugar, =120%

total fat, satu-
rated fat, cho-
lesterol,
sodium

'Summarized trom 21 CFR 101.9 {g). 9 CFR 317.308 (h), and & CFR
381.409(h) {1997).

2Unnamed class.

3amount of nutrient required in food sample as a percentage of the
label declaration, or else product is considered misbrandec.

prevent nutritional losses. For USDA-regulated foods,
compliance enforcement described previously is not
applicable to single-ingredient, raw meat products
(including those frozen previously), when nutrition
labeling is based on database values in USDA’s Na-
tional Nutrient Data Bank or in USDA Handbock No.
8 (most recent version on the Internet) (15). The LiSD:
does not preapprove databases, but provides a mznux!
for guidance in using them (16).

3.2.3 Nutrient Content Claims

The FDA and FSIS have defined nutrient descriptors,
which are nutrient content claims that characterize the
level of a nutrient but do not include nutrient labeling
information or disease prevention claims. Nutrier:t
descriptors are based on definitions that require certain
types of nutrient analyses to determine the levels of the
nutrients related to the descriptor. The terms include
“free,” “low,” “lean,” “}j ght,” “lite,” “reduced,” “less,”
“good source,” “more,” and “high” (21 CFR 101.13,
101.54-301.67; 9 CFR 317.313, 317.354-317.363, 361.413,
381.454-381.463) (Tables 3-7 and 3-8 are FDA regula-
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Frea

Low

Reducaedless

Commaents’

Nutrients

Calories .
§ 101.6C(b)

Total Fat .
§ 101.62(b)

Saturated Fat  »
§ 101.82(c)

Synonyms lor “Free™:
“Zero,” “No,"” "Without.”
“Trivial Source of.”
“Negligible Source of.”.
“Dietarity Insignificant
Squrce of” ]
Definitions for “Free”
for meals and main
dishes are the stated
values per labeled
serving.

Less than 5 calories
per reference amount
and per labeled serv-
ing

Not defined for meals
or main dishes

Less than 0.5 g per rel-
erence amount and per
labeled serving (or for
meals and main
dishes, lessthan 0.5 g
per labeled serving)
No ingredient that is fat
or understood to con-
tain fat except as noted
below*

Less than 0.5 g satu-
rated fat and less than
0.5 trans falty acids
per reference amount
and per labeled serv-
ing (or for meals and
main dishes, less than
0.5 g saturated fal and

- less than Q.5 g trans

fatty acid per labeled
serving)

No ingredient that is
understood to contain
saturated fat except as
noted below*

= Synonyms for "Low™:
“Little,” {*Few" for
calories), "Contains a
Small Amount of "
"LLow Source of*

40 calories or less
per reference amount
(and per 50 g if refer-
ence amount is small)
Meals and main
dishes: 120 cat or
lessper 100 g

-

s 3 g orless per refer-

ence armount (and per

50 g if reference
amount is small)
* Meals and main

dishes: 3 g or less per

100 g and not more
than 30% of calories
from fat

* 1g orless per refer-

ence amount and 15%

or fewer calories from
saturated fat
» Meals and main

dishes: 1 g or less per

100 g and less than
10% of calories from
saturated fat

Synonyms for
“Recuced”fLess":
“L.ower” (“Fewer" for
calories)

“Modified™ may be
used in statement of
identity.

Definitions for mealg
and main dishes aro
same as for individual
{oods on a per 100 g
basis.

Al least 25% fewar
calories per reference
amount than an appro-
priate reference food
Relerence foad may
not be “Low Calorie™
Uses term "Fewer”
rather than "Less”

Al least 25% less fat
per reference amount
than an appropriate
reference food
Reference food rmay
not be “Low Fat”

Al least 25% less salu-
rated fat per reference
ameunl than an appro-
priate reference food
Reference food may
not be “Low Saturated
Fat”

*» For "Free,” "Very Low,"
or “Low": must indicate
if food meets a definilion
without benefit of spe-
cial pracessing, alter-
ation, formuiation, cr
reformulation; e.g..
“obroceoli, a fat free
food,” or “celery, a low
calorie food.”

“Light” or “Lite": If 50%
or more of the calcries
are from fat, fat mus! be
reduced by at least 50%
per refarence amount. |f
less than 50% of calo-
ries are from fat, fat
rmust be raduced at
least 50% or calories
reduced at least 1/3 por
reference amount.
“Light” or “Lite* mea! or
main dish product
meets definition for
“Low Caioria” or "Low
Fat™ meal and is labeled
to indicale which detini-
tion is met.

« For dietary supple-

ments: Calorie claims
can cniy be made when
the reference product is
greater than 40 calories
per serving.

e °___ % FatFree™ OKf

food meets the require-
ments for "Low Fat”

» “Light": See above
* For dietary supple-

ments: Fat claims can-
not be made for prod-
ucts that are 40 calories
or less per serving.

* Next to al! saturated fz:

claims, must declare 2
amount of cholestercl 1
2 mg or more per refer-
ence amount; and the
amount of total fat it
more than 3 g per refer-
ence amount (or 0.5 5
or more of total fat fcr
“Saturated Fat Free®).}
For dietary supple-
ments: Saturated fat
claims cannot be mace
for products that are <2
calories or less per s=-.-

. ing.

{continuez)
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Nutrients

Free

Low

Reduced/less

Comments!

Cholesterol.
§ 101.62(d)

Sodium
§ 101.61

erence amount and per
labeled serving (or for
rmeals and main
dishes, less than 2 mg

per labeled serving)

No ingredient that con-
tains cholesterol
except as-noted
below*

if less than 2 mg per
reference amount by
special processing and
1otal fat exceeds 13 g
per reference amount
and labeled serving,
the amount of choles- »
terof must be “Substan-
tially Less” (25%) than
in a reference food with
significant market
share {5% of market}.

Less than 5 mg per ref- »
erence amount and per
labeled serving {or for
meals and main

dishes, less than5mg =
per labeled serving)

No ingredient that is
sodium chioride or
generally understood

to contain sodium

except as noted

below*

* Less than 2 mg per rel- « 20 mg or lass per el-

erance amount {and
per 50 g of food it ref-
erence amount is
smal)

it Qualifies by special
processing and total
fat exceeds 13 g per
reference amount and
labeled serving, the
amount of cholesterol
must be "Substantially
Less" {25%) thanina
reference food with
significant market
share (5% of market).
Meals and main
dishes: 20 mg or less
per100 g

140 mg - less per ref- ¢ At least 25% less
sodium per reference
amount than an appro-
priate reference food

» Reference food may
not be "Low Sodium”

erence aTount (and
per 50 g # reierence
amount is smail)
Meals anz main
dishes: 140 mg or less
per 100 ¢

o At least 25% less cho-
iestorol per reference
amount than an appro-
priate reference food

» Reference food may
not be "Low Choles-

e CHOLESTEROL
CLAIMS ONLY AL-
LOWED WHEN FOOD
CONTAINS 2 g OR
LESS SATURATED FAT
PER REFERENCE
AMOUNT, OR FOR
MEALS AND MAIN
DISH PRODUCTS, PER
LABELED SERVING
SIZE FOR "FREE"
CLAIMS AND PER
100 g FOR “LOW" AND
*REDUCEDALESS”
CLAIMS

» Must declare the
amount of {otal fat next
to cholesterot claim
when fat exceeds 13 g
per reference amouni of
labeled serving (or per
50 g of food if reference

. amount is small}, or

when the fat exceeds

19.5 g per labeled serv-

ing for main dishes or

26 g for meal producis.

For dietary supple-

ments: cholesterol

claims cannot be made
for products that are £0
calories or less per serv-

ing.

» “Light™ {for sodium

reduced produets): If
food is “Low Calorie”
and “Low Fat" and
sodium is reduced Dy at
ieast 50%

* "Light in Sodium®™: if

sodium is reduced by at
least 50% per reference
amount, Entire term
“Light in Sodium™ must
be used in the same
type size, color, ans
prominence. “Light in
Sodium” for meals =
*Low in Sogdium"

* “Very" Low Sodium® 25

mg or less per reference
amount (and per 50 g if
reference amount is
small}. For meals zngd
main dishes: 32 mg o
less per 100 ¢

* “Salt Free” must mee!l

criterion for “Sodium
Free®

* "No Salt Added" and

“Unsalied” must meet
conditions of use and
must declare "This is
Not A Sodium Free
Food™ on information
panei i food is not
*Socium Freg"
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o 3_7
Food and Drug Administration: Definitions of Nutrient Content Claims (continued)

Nutrients Frea Low

Reducedless Comments'

* “Sugar Free": Less
than 0.5 g sugars per
reference amount and  intake
per labeled serving {or
for meals and main
dishes, less than 0.5g
per |abeled serving)

* No ingredient that is a
sugar or generally
understood to contain
sugars except as
noted below”

» Disclose calorie profile
{e.g., "Low Calorie”).

Sugars
§ 101.60(c)

» Not defined. No basis
for a recommended

*“Lightly Salted": 50 %
less sodium than nor-
mally added to refer-
ence food and if not
“Low Sodium” so
labeled on information

* Atlease 25% less sugars * “No Added Sugars® and
per reference amount “Without Added Sugars”
than an appropriate refer-  are allowed if no sugar
ence food or sugar containing

* May not use this claimcn  ingredient is added dur-
dietary supplements of ing processing. State if
vitamins and minerals. food is not “Low™ or

“Reduced Calorie.”

The terms “Unsweel-

ened” and “No Added

Sweeteners® remain as

factual statements,

= Claims about reducing
dental caries are
implied health clairms.

» Does not include sugar
alcohols

From (10}, p. 44, 45, updated.

Notes: “Except if the ingredient listed in the ingredient statement has an asterisk that refers to the footnote (e.g., “adds a trivial amount of fat™).

*"Reference Amount” = reference amount customarily consumed.

+*Small Reference Amount” = reference amount of 30 g or less or 2 tablespcens or less (for dehydrated foods that are typically consumed
when rehydrated with water or a diluent containing an insignificant amount, as defined in Sss 161.9()(1) of all nutrients per referance amount,

the per 50 g criterion refers to the prepared form of the food).

*Statement "See ___ panel for nutrition information” must accompany all content claims. When levels exceed: 13 g Fat, 4 g Saturated Fat, 60
mg Cholesterol, or 480 mg Sodium per reference amaunt, per labeled serving or, for foods with smalt reterence amounts, per 50 g, disclosure
statement is required as part of claim (e.g., "See side panel for information an fat and other nutrients”).

tions). The term “healthy” or its derivatives may be
used on the label or in labeling of foods under condi-
tions defined by the FDA and FSIS (Table 3-9 is FDA
summary). The FDA requirements on nutrient content
claims do not apply to infant formulas and medical
foods.

Only nutrient descriptors defined by the FDA or
FSIS may be used. The terms “less” (or “fewer”),
“more,” “reduced,” “added” {(or “fortified” and “en-
riched”), and “light/lite” are relative terms and require
label information about the food product that is the
basis of the comparison. The percentage difference
between the original food and the food product being
labeled must be listed on the label for comparison.

FSIS regulations on nutrient content claims differ
from those of the FDA in that the terms “enriched” and
“fortified” are not defined in the FSIS regulations (9
CFR 317.362, 381.462). The terms “lean” and “extra
lean” are defined and approved for use on all USDA-
regulated products, but only for the FDA-regulated
products of seafood, game meat, and meal products.
The term ” % Lean” is approved for USDA-

e —

regulated but not FDA-regulated products. The term

“ % Fat Free” is approved for use by both organi-
zations as long as the food meets the definition for
“low fat.” Conditions for use of the term “light” or
“lite” as part of a brand name to describe sodium con-
tent differ somewhat between FDA and USDA regula-
tions [21 CFR 101.56 (b) (4); 9 CFR 356 (d) (3); 9 CFR
381.436 (d) (3)]. FDA and FSIS regulations also differ in
the definition of “meal product” as it relates to nutrient
content claims {21 CFR 101.13 (1) and (m); 9 CFR
317.313(1), 318.413 (1)}

The referral statement “See for’ nutrition
information™ (blank is filled in with identity of panei
on which nutrition labeling is located) is required by
the FDA whenever a nutrient content claim is made [21
CFR 101.13 (g) ard (h)]. In addition, the FDA regula-
tions specify disclosure levels that are required on
foods when the product contains fat, saturated fat, cho-
lesterol, or sodium at levels greater than 20%, 30%, and
40% of the DRV for individual foods, main dish items,
and meals, respectively [21 CFR 101.13 (h)]. When one
of these nutrients exceeds the disclosure level in a food
bearing a nutrient content claim, the referral statement
must be modified to say “See [appropriate panel} for
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3-5 B
Food and Drug Administration: Nulrient Content Claims

Accompanying Information for Relative (or Comparative) Claims

* For all relative claims, percent (or fraction) of change and identity of reference food must be declared in immediate proxim-
ity to the most prominent claim. Quantitative comparison of the amount of the nutrient in the product per labeled serving
with that in the reference {ood must be declared on the information panel.

= For "Light" ciaims: % reduction for both fat and calories must be slated out % reduction need not be specified it product is
low in the nutrient. Quantitative comparisons must be stated for both fat and calories.

Refarence Foods

*Light*/*Lite"

*Reduced"” and "Added”
{or *Fortified” and “Enriched”)

“More” and "Less"” (or “Fewer")

{1} A food representative of the type of food bearing the claim, e.g., average value of top
three brands for representative value from valid data base;

{2) Similar food (e.g., potato chips for potatc chips); and

{3} Not low calorie gnd low fat (except “light” or sodium reduced foods which mus! be low

caiorie and low fat).
(1) An established regular product or average representative product and
(2) Similar food
{1) An established regular product or average representative product and

{2) A dissimilar food in the same product category that may be generally substituted for
iabeled food (e.g.. potato chips for pretzels) or a sirnilar food:

Other Nutrient Content Claims

“Lean”

"Extra Lean”

“Good Source o!,” "Coniains,”
or “Provides”

*High,* "Rich in,” or “Excellent
Source of"!

"More." "Added.” “Exira.” "Plus”"
“Modficd”

Any Fiber Claim

On seafood or game meal that contains <10 g total fat, 4.5 g or less saturated fat, and
<95 mg cholesterol per reference amount and per 100 g {for meals and main dishes,
meeis criteria per 100 g and per label serving)

On seafood or game meat that contains <5 g total fat, <2 g saturated fat, and <85 mQ
cholesterol pe: reference amount and per 100 g (for meals and main dishes, meets cri-
teria per 100 g and per label serving}

Contains 10% or more of Daily Value (DV) to desceribe protein, vitamins, minerals, dietary
fiber, or potassium oer reference amount.

May be used on meat!s or main dishes to indicate that product contains a food that meets
gefinition but mey nc! be used 10 describe meal or main dish itself.

May not be used for (otai carbohydrates.

Contains 20% or mer2 ¢! the Daily Value {DV) 1o describe protein, vitamins, minerzls.
dietary fiber, or poizssium per reference amount.

May be used cn meais or main dishes to indicate that product contains a food that meets
definition but may nc: be used to describe meal or main dish itseif.

May not be used for 10tat carbohydrates.

10% or more of the DV per reference amount
May only be used for vitamins, minerals, protein, dietary fiber, and potassium.

Mazy be used in statement of identily that bears a relative claim, e.g., "Moditied Fal
Cheese Cake, Contains 35% Less Fat Than Cther Regular Cheese Cake.*

If food is not low in tolz! fat, must state tota! fat in conjunction with clzim such cs "More:
Fiber”

'Dietary supplements canno! use these claims to describe any nuirient or ingredient {e.g., liber, protein, psyliium, bran) cther than vitamins cr

minerals.

implied Claims

* Claims about a food or ingredient that suggest that the nutrient of ingredien® is absen' or present in a certain amount or
claims about a food that suggest a food may be uselui in mainiaining healthy dietary practices and that are made with an
explicit claim (e.g., “healthy, contains 3 grams cf {at") are implied claime and &re prohibitec uniess previded for in a regulz-
tion by FDA. In addition, the Agency has devisec a petition system whereby ¢oecilic adcitional claims may be considerec.

¢ Claims that a food contains or is made with an ingredient tha! is known (0 contzin a particular nutrient may be made if the
product is “Low” in or a “Good Source” of the nuirient associaied withi the claim {e.g.. “good source of oat bran®).
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Food and Drug Administration: Nutrient Content Claims (continued)

implied Claims (continued)

+ Equivalence claims: "Contains as much [nutrient] as a [food]” may be made if both reference food and labeled food are a
"Gco_c; Source” of the nutrient on a per serving basis (¢.g., “Contains as much vitamin C as an 8 ounce glass of orange
juice”).

» The following label statements are generally not considered implied ciaims unless they are made in a nutrition context: (1)
avoidance claims for religious, foed intolerance, or other non-nulrition related reasons [e.g., “100% milk free™|; (2) state-
ments about non-nutritive substances (e.g., “no artificial color”]; {3) added value statements {2.g., ‘mace with real butter”];
{4) statements of identity [e.g., “corn oil” or *cern oil margarine™]; and {3) special dietary statements made in compliance
with a specific Part 105 provision.

Claims on Food for infants and Children Less Than 2 Years of Age

Nutrient content claims are not permitted on fcods intended specifically for infants and children less than 2 years of age

excent:

1. Claims describing the percentage of vitamins and minerals in a food in relation to 2 Daily Vaiye

2. Claims on infant formulas provided far in Part 107

3. The terms “Unsweetened" and “Unsalted” as taste claims

4. *Sugar Free™ and “No Added Sugar” ¢laims on dietary supplements only

Terms Covered That Ara Not Nutrient Content Claims

"Fresh"
“Fresh Frozen”

A raw food that has not been frozen, heat processed, or otherwise preserved

Food that was quickly frozen while still fresh

From (10), p. 46, 47, updated.

information about [nutrient requiring disclosure] and
other nutrients [21 CFR 101.13 (h) (1)]. For USDA-reg-
ulated foods, no disclosure levels are defined or refer-
ral statement required except in the case of health
- claims (proposed rule) [9 CFR 317.371 (a)}—(h)].

3.2.4 Health Claims

The FDA has defined and will allow as part of the 1990
NLEA claims for certain relationships (10 claims, as of
1997) between a nutrient or a food and the risk of a dis-
ease or health-related condition (21 CFR 101.14):

Calcium and osteoporosis (21 CFR 101.72)
Sodium and hypertension (21 CFR 101.74)

. Dietary fat and cancer (21 CFR 101.73)

Dietary saturated fat and cholesterol and risk of
coronary heart disease (21 CFR 101.75)
Fiber-containing grain products, fruits, and veg-
etables and cancer (21 CFR 101.76)

6. Fruits, vegetables, and grain products that con-
tain fiber, particularly soluble fiber, and risk of
coronary heart disease (21 CFR 101.77)

7. Fruits and vegetables and cancer (21 CFR
101.78)

8. Folate and neural tube defects (21 CFR 101.79)

9. Soluble fiber from whole oats and coronary
heart disease [21 CFR 101.81]

10. Sugar alcohols and dental caries {21 CFR 101.80]

ol ol N

b

Such claims can be made through third-party refer-
ences (e.g., National Cancer Institute), statements,
symbols (e.g., heart), and vignettes or descriptions. The
claim must meet the requirements for authorized
health claims, and it must state that other factors play
a role in that disease. The FDA is considering addi-
tional claims.

The FSIS has proposed regulations on health
claims (59 FR 27144) and is considering further supple-
ments to the proposed health claims that are very sim-
ilar to the final rule regulations of the FDA. However,
the proposed FSIS regulations have a higher disquali-
fying level for cholesterol in individual foods and
meals, and regulations on use of the term “extra lean”
with health claims differ from those of the FDA. Unlike
the FDA, FSIS allows no sugar alcohol claim because it
is not applicable to USDA-regulated foods.

3.2.5 National Uniformity and Preemption
Authorized by NLEA

To provide for national uniformity, the 1990 NLEA
authorizes federal preemption of certain state and local
labeling requirements that are not identical to federal
requirements. This ‘pertains to requirements for food
standards, nutrition labeling, claims of nutrient con-
tent, health claims, and ingredient declaration. States
may petition the FDA for exemption of state require-
ments from federal preemption.



52

Partl » General Information

3-9
1
[_table | Conditions for Use of the Term “Healthy” in Labeling of Foods
Individual Food Seafood or Game Meat® Meal or Main Dish
Total Fat
Low Fat <5 g fat per RA® and per 100 g Low Fat
Saturated Fat
Low Saturated Fat <2 g fat per RA and per 100 g . Low Saturated Fat
Sodlium

(Before Jan. 2000)

=480 mg per RA, per LS®
and per 50 g if RA? smalf

=480 mg per RA and
per LS and per 50 g if RA smal?®

=600 mg per LS

Sadium
{After Jan, 2000}

£360 mg per RA, per LS
and per 50 g if RA small

=360 mg per RA and per LS and
per 50 g if RA smali

=480 mg per LS

Cholesterol

<Disclosure level

Except raw fruits or vegetables, at least N/A
10% of DV® per RA of Vitamin A, Vitamin
C. caicium, iron, protein, or fiber

<95 mg per RA and per 100 g
Beneficlal Nutrlents

=90 mg per LS

10% DV per LS of 2 nutrients for main
dish, 3 nutrients for meal

Fortification

Per 21 CFR 104.20

Per 21 CFR 104.20

Per 21 CFR 104.20

Other Claims
Food complies with established definition ard declaratior. requirerents for any specific nutrient content claim.

*From (10}, p. 58, updated.

2Raw, single ingredient seafood or pame meal 01ce Jrocesses becomes an individual food, meal, or main dish.
3RA = Reterence Amount, LS = Labeled Serving, DV = Daily Value. RA small = 30 g or less or 2 tablespoons or less.

3.2.6 Cther Provisions of NLEA

The 1990 NLEA amends the FD&C Act to allow a state
to bring, in its own name in state court, an action to
enforce the food labeling provisions of the FD&C Act
that are the subject of national uniformity. Criteria are
defined for a state to exercise this enforcement power.
The rule-making procedure for standards of identity
was modificd by the 1990 Act. The FD&C Act is also
amended to imposé several new requirements con-
cerning ingredient labeling intended to make this
aspect of labeling more useful to consumers.

3.3 SUMMARY

The FDA and FSIS of the USDA have coordinated their
regulations on nutrition labeling. Regulations that
implement the Nutrition Labeling and Education Act
(NLEA) of 1990 require nutrition labeling for most
foods regulated by the FDA, and FSIS requires the
same label on most meat and poultry products. The
regulations define the format for the nutrition informa-
tion, and give the rules and melhods to report specific

infermation. The FDA and FSIS have described the
sample collection procedures, the method of analysis
to be used, and the nutrient levels required to ensure
compliance with nutrition labeling regulations. The
FDA and FSIS allow specific nutrient content claims
and FDA allows health claims on the nutrition label.
The NLEA provides for national uniformity in nutri-
tion labeling, by preempting any existing state reguic-
tions, and authorizes to states certain enforccment
power. The goal of current nutrition labeling regula-
tions is to provide consumers in al} states with nutri-
tion information on food in their diets consistent with
their dietary concerns.

3.4 STUDY QUESTIONS

1. Utilize the datain the table below that you obtained on the
nutrient content of your cereal product (actual amount per
serving) to help develop a nutrition labet that meets FDA
requirements under the NLEA. Use appropriate rounding
rules to complete the blank columns. Can you make a
“low fat” claim? Explain your answer. Could you use the
term “healthy” on the label? 1f you wanted to report the
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protein content as a percent of the Daily Value, what
would you need to do?

Amount Per % Dag{
Actual Serving Valu
Amount Per  Reported on  Reported on
Serving' Label Labe!
Calories 19.2 —
Calories —
from Fat 1.1
Total Fat 1.1g
Saturated
Fat Og
Cholesteral 0g
Sodium 268 mg
Patassium 217 mg
Total Carbohy-
drate 443 g
Dietary
Fiber 38g
Sugars 20.2¢g -—
Protein ' 379 —

'Serving size is 1 cup (55 g).
2pgrcent Daily Value based on a 2000 calorie diet.

2.

The FDA and FSIS of the USDA have very similar regula-
tions for nutrition labeling, with differences due primarily
to the inherent difference in the food products they regu-
late. Identify the differences in regulations between FDA
and FSIS regarding nutrient content claims and health
claims that support this generalization.
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4.1 INTRODUCTION

The field of food analysis, or any type of analysis,
involves a considerable amount of time learning prin-
ciples, methods, and instrument operations and per-
fecting various techniques. Although these areas are
extremely important, much of our effort would be for
naught if there were not some way for us to evaluate
the data obtained from the various analytical assays.
Several mathematical treatments are available that pro-
vide an idea of how well a particular assay was per-
formed or how well we can reproduce an experiment.
Fortunately, the statistics are not too involved and
apply to most analytical determinations.

The focus in this chapter is primarily on how to
evaluate replicate analyses of the same sample for
accuracy and precision. In addition, wonsiderable
attention is given to the determination of best line fits
for standard curve data. Keep in mind as you read and
work through this chapter that there is a vast array of
computer software to perform most types of data eval-
uation and calculations/plots.

Proper sampling and sample size are not covered
in this chapter. Readers should refer to Chapter 5 (espe-
cially section 5.3.4.5) for sampling in general and sta-
tistical approaches to determine the appropriate sam-
ple size, and to Chapter 20, section 20.2.2 for mycotoxin
sampling.

4.2 MEASURES OF CENTRAL TENDENCY

- To increase accuracy and precision, as well as to evalu-
ate these parameters, the analysis of a sample is usu-
ally performed (repeated) several times. At least three
assays are typically performed, though often the num-
ber can be much higher. Because we are not sure which
value is closest to the true value, we determine the
mean (or average) using all the values obtained and
report the results of the mean. The mean is designated
by the symbol 2 and calculated according to the equa-
tion below.

x=x1+xz+x3+...+x,, P g (1]

n n

where:

£ = mean
x;, X5, etc. = individually measured values (x;)
n = number of measurements

For example, suppose we measured a sample of
uncooked hamburger for percent moisture content
four times and obtained the following results: 64.53%,
64.45%, 65.10%, and 64.78%.

2 64.53 + 64.45 + 65.10 + 64.78
= 4 =

64.72% 2]

Thus, the result would be reported as 64.72% mois-
ture. When we report the mean value, we are indicat-
ing that this is the best experimental estimate of the
value. We are not saying anything about how accurate
or true this value is. Some of the individual values may
be closer to the true value, but there is no way to make
that determination, so we report only the mean.

Another determnination that can be used is the
median, which is the midpoint or middle number
within a group of numbers. Basically, half of the exper-
imental values will be less than the median and half
will be greater. The median is not used often, because
the mean is such a superior experimental estimator.

4.3 RELIABILITY OF ANALYSIS

Returning to our previous example, recall that we
obtained a mean value for moisture. However, we did
not have any indication of how repeatable the tests
were or how close our results were to the true value.
The next several sections will deal with these questions
and some of the relatively simple ways to calculate the
answers.

4.3.1 Accuracy and Precision

One of the most confusing aspects of data analysis for
students is grasping the concepts of accuracy and pre-
cision. These terms are commonly used interchange-
ably in sodety, which only adds to this confusion. If we
consider the purpose of the analysis, then these terms
become much clearer. If we look at our experiments,
we know that the first data obtained are the individual
results and a mean value (0). The next questions should
be: How close were our individual measurements? and
How close were they to the true value? Both questions
involve accuracy and predision. Now, let us turn our
attention to these terms.

Accuracy refers to how close a particular measure
is to the true or correct value. In the moisture analysis
for hamburger, recall that we obtained a mean of
64.72%. Let us say the true moisture value was actually
65.05%. By comparing these two numbers, you could
probably make a guess that your results were fairly
accurate because they were close to the correct value.
(The calculations of accuracy will be discussed later.)

The problem in determining accuracy is that most
of the time we are not sure what the true value is. For
certain types of materials we can purchase known sam-
ples from, for example, the National Institute of Stan-

- dards and Technology, and check our assays against

these samples. Only then can we have an indication of
the accuracy of the testing procedures. Another
approach is to compare our results with those of other

labs to determine how wel] they agree, assuming the
other labs are accurate, .
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A term that is much easier to deal with and deter-
mine is precision. This parameter is a measure of how
reproducible or how close replicate measurements
become. If repetitive testing yields similar results, then
we would say the precision of that test was good. From
a true statistical view, the precision often is called error,
when we are actually looking at experimental varia-
tion. So, the concepts of precision, error, and variation
are closely related.

The difference between precision and accuracy can
be illustrated best with Fig. 4-1. Imagine shooting a
rifle at a target that represents experimental values.
The bull’s eye would be the true value, and where the
bullets hit would represent the individual experimen-
tal values. As you can see in Fig. 4-1a, the values can be
tightly spaced (good precision) and close to the bull’s
eye (good accuracy); or, in some cases, there can be sit-
uations with good precision but poor accuracy (Fig. 4-
1b). The worst situation, as illustrated in Fig. 4-1d, is
when both the accuracy and precision are poor. In this
case, because of errors or variation in the deterrnina-
tion, interpretation of the results becomes very diffi-
cult. Later, the practical aspects of the various types of
error will be discussed.

When evaluating data, several tests are used com-
monly to give some appreciation of how much the
experimental values would vary if we were to repeat
the test (indicators of precision). An easy way to look at
the variation or scattering is to report the range of the
experimental values. The range is simply the differ-
ence between the largest and smallest observation.
This measurement is not too useful and thus is seidom
used in evaluating data.

Probably the best and most commonly used statis-
tical evaluation of the precision of analytical data is the
standard deviation. The standard deviation measures
the spread of the experimental values and gives a good
indication of how close each of the values are to each
other. When evaluating the standard deviation, one
has to remember that we are never able to-analyze the

©
a b

41"
[ figure |

entire food product. That would be difficult, if not
impossible, and very time consuming. Thus, the calcu-
lations we use are only estimates of the unknown true
value.

If we have many samples, then the standard devi-
ation is designated by the Greek letter sigma (o). It is
calculated according to Equation [3], assuming all the
food product was evaluated (which would be an infi-
nite amount of assays).

2
SN 2

g = standard deviation

x; = individual sample values
= true mean

n = total population of samples

where:

Because we do not know the value for the true
mean, the equation becomes somewhat simplified so
that we can use it with real data. In this case, we now
call the o term the standard deviation of the sample
and designate is by SD or ©. It is determined according
to the calculation in Equation [4] where £ replaces the
true mean term p, and n represents the number of sam-

ples.
2
sp= (ZED &

If the number of replicate determinations is small
(about 30 or less), which is common with most assavs,
the n is replaced by the r — 1 term, and Equation [5] is
used. Unless you know otherwise, Equation [3] is
always used in calculating the standard deviation of a
group of assays.

I(x; - 2)°
n~1

SD = {5]

Depending on which of the equations above is
used, the standard deviation may be reported as SD,, or

C

d

Comparison of accuracy and precision: {a) good accuracy and tood precision, (b) good precision and poor accu-
racy, (c) good accuracy and poor precision, and {¢} poor acc.iracy and poor precision,
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-1 Determination of the Standard Deviation of
Percent Moisture in Uncooked Homburger
Deviation
Observed % from the Mean )
Measurement  Moisture {x,—X) {x,— X)
1 64.53 .13 0.0361
2 64.45 Q.27 0.0729
3 65.10 +0.38 0.1444
1 64.78 +0.06 0.C036
Ix, = 258.86 I(x,-%)7=
0.257
¢ o 2% _ 2B o
n 4

- 2P )
SO = \/Z{x, ) = \/0 257 = 0.2927
n-1 3

o, and SD,_, or g, _,. (Different brands of software and
scientific calculators sometimes use different labels for
the keys, so you must be careful.) Table 4-1 shows an
example of the determination of standard deviation.
The sample results would be reported to average
64.72% moisture with a standard deviation of 0.293.
Once we have a mean and standard deviation, we
next must determine how to interpret these numbers.
One easy way to get a feel for the standard deviation is
to calculate what is called the coefficient of variation
(CV), also known as the relative standard deviation.
This calculation is shown below for our example of the
moisture determination of uncooked hamburger.

Coefficient of Varia't-ion (CV)= %-)— x100% [6]

0.293
64.72

The coefficient of variation tells us that our stan-
dard deviation is only 0.453% as large as the mean. For
our example, that number is small, which indicates a
high level of precision or reproducibility of the repli-
cates. As a rule, a CV below 5% is considered accept-
able, although it depends on the type of analysis.

Another way to evaluate the meaning of the stan-
dard deviation is to examine its origin in statistical the-
ory. Many populations (in our case, sample values or

CV=

means) that exist in nature are said to have a normal ..

distribution. If we were to measure an infinite number
of samples, we would get a distribution similar to that
represented by Fig. 4-2. In a population with a normal
distribution, 68% of those values would be within *+1
standard deviation from the mean; 95% would be
within =2 standard deviations; and 99.7% would be
within =3 standard deviations. In other words, there is
a probability of less than 1% that a sample in a popula-

x 100% = 0.453% {71 -

| table |

68%
oy
c
)
=2
=4
@
w
/ T \
99.7% N
-3¢ -20 -10 True Value +1o +20 +30
(mean)

A normal distribution curve for a population or
a group of analyses.

tion would fall cutside =3 standard deviations from
the mean value.

Another way of understanding the normal distri-
bution curve is to realize that the probability of finding
the true mean is within certain confidence intervals as
defined by the standard deviation. For large numbers
of samples, we can determine the confidence limit or
interval around the mean using the statistical parame-
ter called the Z value. We do this calculation by first
looking up the Z value from statistical tables once we
have decided the desired degree of certainty. Some Z
values are listed in Table 4-2.

The confidence limit (or interval) for our moisture
data, assuming a 95% probability, is calculated accord-
ing to Equation [8]. Since this calculation is not valid
for small numbers, assume we ran 25 samples instead
of four.

Confidence Interval (CI) =

standard deviation (SD)
Vn

(8]

2 * Z value x

Confidence Interval (at 95%) = 64.72 + 1.96 x 0-2?;7

=6472 * 0.115% (9]

Values for Zfor Checking Both Upper and
Lower Levels

Degree of Certainty (Confidence) 2 Value
80% 1.29
g0% 1.64
95% 1.96
99% 2.58
99.9% : 3.29
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4-3 |
Values of {ior Varlous Levels of Probc:l:»lm'yl

Degrees of Levels of Certainty

Freedom

(n~1) 95% 99% 99.9%
1 127 63.7 636
2 4.30 9.93 31.60
3 3.18 5.84 129
4 2.78 4.60 8.61
5 2.57 4.03 6.86
6 245 3.7 5.96
7 2.36 3.50 5.40
8 2.31 3.56 5.04
9 2.26 3.25 4.78

10 2.23 3.17 4.59

More extensive t-tables can be found in statistics books.

Because our example had only four values for the
moisture levels, the confidence interval should be cal-
culated using statistical ¢ tables. In this case, we have to
look up the t-value from Table 4-3 based on the degree
of freedom, which is the sample size minus one (n-1),
and the desired level of confidence.

The calculation for our moisture example with
four samples (n) and 3 degrees of freedom (n - 1) is
given below.

Confidence Interval =

£ = t value x standard d\e/\sation (sD) (10]

0.2927

Confidence Interval (at 95%) = 64.72 = 3.18 x ~i

=64.72 2 0465%  [11)

To interpret this number, we can say that, with 95%
confidence, the true mean for our moisture will fall
within 64.72 = 0.465% or between 65.185 and 64.255%.

The expression SD/ V7 is often reported as the
standard error of the mean. It then is left to the reader
to calculate the confidence interval based on the
desired level of certainty.

Other quick tests of precision used are the relative
deviation from the mean and the relative average devi-
ation from the mean. The relative deviation from the
mean is useful when only two replicates have been
performed. It is calculated according to Equation {12],
with values below 2% considered acceptabile.

Relative deviation from the mean

x-% -
= 100 12
PRl (12}

The x; represents the individual sample valuc, and £ is
the mean.

If there are several experimental values, then the
relative average deviation from the mean becomes a
useful indicator of precision. It is calculated similarly
to the relative deviaton from the mean, except the
average deviation is used instead of the individual
deviation. It is calculated according to Equation [13).

Relative average deviation from the mean =

I|x;~%
_L'n_l. x 1000 = parts per thousand [13]

X
Using the moisture values discussed in Table 4-1,
the x; — £ terms for each determination are -0.19, -0.27,
+0.38, +0.06. Thus, the calculation becomes:

0.19 + 0.27 + 0.38 + 0.06
Rel. Avg. Dev. = 4 = 1000
64.72
0.225
=227 X 1000
=3.47 parts per thousand [14)

Up to now, our discussions of calculations have
involved ways to evaluate precision. If the true value is
not known, we can calculate only precision. A lew
degree of precision would make it difficult to predict a
realistic value for the sample.

However, we occasionally may have a sample for
which we know the true value and can compare our
results with the known value. In this case, we can cal-
culate the error for our test, compare it to the known
value, and determine the accuracy. One term that can
be calculated is the absolute error, which is simply the
difference between the experimental value and the true
value. .

Absoluteerror=E, = x~T [15]

where:

x = experimentally determined valuc
T = true value

The absolute error term can have either a positive
or negative value. If the experimentally deterniined
value is from several replicates, then the mean (0)
would be substituted for the x term. This is not a goog
test for error, because the value is not related to the
magnitude of the true value. A more useful measure-
ment of error is relative error.

Relative crror = £, = Eops = 2= T [16)
T T
The results aze reported as a negative or positive value,
which represents a fraction of the true value.

If cesired, the relative error can be expressed as %

relative error by multiplying by 100%. Then the rela-
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tionship becomes the following, where x can be either
an individual determination or the mean (0) of several
determinations. .-

YE ) = LT 100% = X=X « 100% (17]

T T
Using the data for the % moisture of uncooked
hamburger, suppose the true value of the sample is
65.05%. The % relative error is calculated using our
mean value of 64.72% and Equation [17].

%E,q, + % x 100%
_ 64.72-65.05
- 65.05
Note that we keep the negative value, which indicates

the direction of our error, i.e., our results were 0.507%
lower than the true value.

x 100% = —0.507% (18]

4.3.2 Sources of Errors

As you may recall from our discussions of accuracy
and precision, error (variation) can be quite important
in analytical determinations. Although we strive to
obtain correct results, it is unreasonable to expect an
analytical technique to be entirely free of error. The best
we can hope for is that the variation is small and, if
possible, at least consistent. As long as we know about
the error, the analytical method often will be satisfac-
tory. There are several sources of error, which can be
classified as: systematic error (determinate), random
error {indeterminate), and gross error or blunders.
Again, note that error and variation are used inter-
changeably in this section and essentially have the
same meaning for these discussions.

Systematic or determinate error produces results
that consistently deviate from the expected value in
one direction or the other. As illustrated in Fig. 4-1b,
the results are spaced closely together, but they are con-
sistently off the target. Identifying the source of this
serious type of error can be difficult and time consum-
ing, because it often involves inaccurate instruments or
measuring devices. For example, a pipette that consis-
tently delivers the wrong volume of reagent will pro-
duce a high degree of precision yet inaccurate results.
Sometimes impure chemicals or the analytical method
itself are the cause. Generally, we can overcome sys-
tematic errors by proper calibration of instruments,
running blank determinations, or using a different ana-
lytical method. \

- Random or indeterminate errors are always pres-
ent in any analytical measurement. This type of error is
due to our natural limitations in measuring a particu-
lar system. These errors fluctuate in a random fashion
and are essentially unavoidable. For example, reading

an analytical balance, judging the endpoint change in a
titration, and using a pipette all contribute to random
error. Background instrument noise, which is always
present to some extent, is a factor in random error. Both
positive and negative errors are equally possible.
Although this type of error is difficult to avoid, fortu-
nately it is usually small.

Blunders are easy to eliminate, since they are so
obvious. The experimental data are usually scattered,
and the results are not close to an expected value. This
type of error is a result of using the wrong reagent or
instrument or from sloppy technique. Some people
have called this type of error the "Monday moming
syndrome” error. Fortunately, blunders are easily iden-
tified and corrected.

4.3.3 Specificity

Specificity of a particular analytical method ‘means
that it detects only the component of interest. Analyti-
cal methods can be very specific for a certain food com-
ponent or, in many cases, can analyze a broad spectrum
of components. Quite often, it is desirable for the
method to be somewhat broad in its detection. For
example, the determination of food lipid (fat) is actu-
ally the crude analysis of any compound that is soluble
in an organic solvent. Some of these compounds are
glycerides, phospholipids, carotenes, and free fatty
acids. Since we are not concemed about each individ-
ual compound when considering the crude fat content
of food, it is desirable that the method be broad in
scope. On the other hand, determining the lactose con-
tent of ice cream would require a specific method.
Because ice cream contains other types of simple sug-
ars, without a specific method we would overestimate
the amount of lactose present.

There are no hard rules for what specificity is
required. Each situation is different and depends on
the desired results and type of assay used. However, it
is something to keep in mind as the various analytical
techniques are discussed.

4.3.4 Sensitivity and Detection Limit

Although often used interchangeably, the terms sensi-
tivity and detection limit should not be confused. They
have different meanings yet are closely related. Sensi-
tivity relates to the magnitude of change of a:measur-
ing device (instrument) with changes in cajppound
concentration. It is an indicator of how little change can
be made in the unknown material before we notice a
difference on a needle gauge or a digital readout. We
are all familiar with the process of tuning in a radio sta-
tion on our stereo and know how, at some point, once
the station is tuned in, we can move the dial without
disturbing the reception. This is sensitivity. In many
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situations, we can adjust the sensitivity of an assay to
fit our needs, i.e. whether we desire more or less sensi-
tivity. We even may desire a lower sensitivity so that
samples with widely varying concentration can be ana-
lyzed at the same time. ,

Detection limit, in contrast to sensitivity, is the low-
est possible increment that we can detect with some
degree of confidence (or statistical significance). With
every assay, there is a lower limit at which point we are
not sure if something is present or not. Obviously, the
best choice would be to concentrate the sample so we
are not working close to the detection limit. However,
this may not be possible, and we may need to know the
detection limit 50 we can work away from that limit.

There are several ways to measure the detection
limit, depending on the apparatus thatis used. If we are
using something like a spectrophotometer, gas chro-
matograph, or high performance liquid chromatograph
{(HPLC) the limit of detection often is reached when the
signal-to-noise ratio is 3 or greater. In other words,
when the sample gives a value that is three times the
magnitude of the noise detection, the instrument is at
the lowest limit possible. Noise is the random signal
fluctuation that occurs with any instrument. :

A more general way to define the limit of detectio
is to approach the problem from a statistical viewpoint,
in which the variation between samples is considered.
Acommon mathematical definition of detection limmit is
given below.

where:

X{p = the minimum detectable concentration
ka = the Sig'nal of a blank
SDgy, = the standard deviation of the blank readings

In this equation, the variation of the blank values (or
noise, if we are talking about instruments) determines
the detection limit. High variability in the blank values
decreases the limit of detection.

4.4 CURVE FITTING: REGRESSION ANALYSIS

Curve fitting is a generic term used to describe the rela-
tionship and evaluation between two variables. Most
scientific fields use curve fitting procedures to evaluate
the relationship of two variables. Thus, curve fitting or
‘curvilinear analysis of data is a vast area as evidenced
by the volumes of material describing these proce-
dures. In analytical determinations, we are usuzlly
concerned with only a small segment of curvilinear
analysis, the standard curve or regression line.

A standard curve or calibration curve is used o
determine unknown concentrations based on a method

—

that gives some type of measurable response that is pro-
portional to a known amount of standard. It typically
involves making a group of knewn standards in
increasing concentration and then recording the partic-
ular measured analytical parameter (e.g., absorbance,
area of a chromatography peak, etc.). What results
when we graph the paired x and y values isa scatterplot
of points that can be joined together to form a straight
line relating concentration to observed response. Once
we know how the observed values change with con-
centration, it is fairly easy to estimate the concentration
of an unknown by interpolation from the standard
curve. )

As you read through the next three sections, keep
in mind that not all correlations of observed values to
standard concentrations are linear (but most are).
There are many examples of nonlinear curves, such as
antibody binding, toxicity evaluations, and exponen-
tal growth and decay. Fortunately, with the vast array
of computer software available today, it is relatively
easy to analyze any group of data.

4.4.1 Linear Regression

So how do we set up a standard curve once the data
have been collected? First a decision must be made
regarding onto which axis to plot the paired sets of
data. Traditionally the concentration of the standards
are represented on the x-axis and the observed read-
ings are on the y-axis. However, this protocol is used
for reasons other than convention. The x-axis data are
called the dependent variable and assumed to be
essentially free of error, while the y-axis data (the inde-
pendent variable) may have error associated with
them. This assumption may not be true because error
could be incorporated as the standards are made. With

‘'modern day instruments the error can be very small.

Although arguments can be made for making the y-
axis data concentration, for all practical purposes the
end result is essential the same. Unless there are some
unusual data, the concentration should be associated with
the x-axis and the measured values with the y-axis.

Figure 4-3 illustrates a typical standard curve used
in the determination of caffeine in various foods. Caf-
feine is analyzed readily in foods by using HPLC cou-
pled with an ultraviolet detector set at 272 nm. The area
under the caffeine peak at 272 nm is directly pro;or-
tiona] to the concentration. When an unknown sample
(e.g.. coffee) is run on the HPLC, a peak area i
obtained that can be related back to the sample using
the standard curve.

The plot in Fig. 4-3 shows all the data points and a
straight line that appears to pass through most of the
peints. The line almost passes through the origin,
wnich makes sense because zero concentration should
produce no signal at 272 nm. However, the line is not
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perfectly straight (and never is) and does not quite pass

through the origin.

To determine the caffeine concentration in a sam-
ple that gave an area of say 4000, we could extrapolate
to the line and then draw a line down to the x-axis. Fol-
lowing the dashed line to the x-axis (concentration), we
can estimate the solution to be at about 4243 ppm of
caffeine.

We can mathematically determine the best fit of the
line by using linear regression. Keep in mind the equa-
tion for a straight line, which is: y = ax + b, wherea =
slope and & = y-intercept. To determine the slope and y-
intercept, the regression equations shown below are
used. We determine 2 and b and thus, for any value of
y (measured), we can determine the concentration (x).

Z(x; - )y, - ¥)
(x; - )
y-interceptbh = § —az [21]

slope a = [20]

The x; and y; parameters are the individual values, and
% and 7 are the means of the individual values. Low
cost calculators and computer spreadsheet software
can readily calculate regression equations so no
attempt is made to go through the mathematics in the
formulas.

The formulas give what is known as the line of
regression of y on x which assumes that the error
occurs in the y direction. The regression line represents
the average relationship between all the data points
and thus is-a balanced line. These equatons also
assume that the straight line fit does not have to go
through the origin, which at first does not make much
sense, However, there are often background interfer-
ences so that even at zero concentration a weak signal

may be observed. In most situations, calculati.ﬁg the
origin as going through zero will yield the same
results. |

Using the data from Fig. 4-3, calculate the concen-
tration of caffeine in the unknown and compare with
the graphing method. As you recall, the unknown had
an area at 272 num of 4000. Linear regression analysis of
the standard curve data gave the y-intercept (b} as
84.66118 and the slope (a) as 90.07331.

y=ax+b (22]
or
-b
= 3]
4000 - 84.66118 _
x(conc) = g = 43.468 ppm caffeine  [24]

The agreement is fairly close when comparing the
calculated value to that estimated from the graph.
Using high quality graph paper with many lines could
give us a line very close to the calculated one. How-
ever, as we will see in the next section, additional infor-
mation can be obtained about the nature of the line
when using computer software or calculators.

4.4.2 Correlation Coefficient |

In observing any type of correlation, including linear
ones, questions always surface concerning how to
draw the line through the data points and how well do
the data fit to the straight line. The first thing that
should be done with any group of data is to plot it to
see if the points fit a straight line. By just looking at the
plotted data, it is fairly easy to make a judgment on
the linearity of the line. We also cah pick out regions on
the line where a linear relationship does not exist. The
figures below illustrate differences in standard curves;
Fig. 4-4a shows a good correlation of the data and Fig.
4-4b shows a poor correlation. In both cases, we can

@ ® s

X X

4-4 gumgles of standard curves showing the rela-

tionship between the X and Y variables when
there is (a) a high amount of correlation and (b)
a lower amount of correlation. Both lines have
the same equation.



64

Part| « General information

draw a-straight line through the data points. Both
curves.yield thie same straight lirie but the precision is
poorer for the latter.

There are other possibilities when working with
standard curves. Kigure 4-5a shows a good correlation
between x and y but in the negative direction, and Fig.
4-5b illustrates data that have no correlation at ail.

The- correlation coefficient defines how well the
data fit to a straight line. For a standard curve, the ideal
situation would be that all data points lie perfectly on
a straight line. However, this is never the case, because
errors are introduced in making standards and mea-
suring the physical values (observations).

The correlation coefficient and coefficient of deter-
mination are defined below. Essentially all spreadsheet
and plotting software will calculate the values auto-
matically.

correlation coefficient =
 3- D= 9)
"= Ve - DA 7] (25}

For our example of the caffeine standard curve from
Fig. 4-3: .

r = 0.99943 (values are usually reported to at least 4
significant figures)

For standard curves, we want the value of r as
close to +1.0000 or -1.000 as possible, because this
value is a perfect correlation (perfect straight line).
Generally, in analytical work, the r should be 0.9970 or
better. (This does not apply to biological studies.)

The coefficient of determination (1) is used quite
often because it gives a better perception of the straight
line even though it does not indicate the direction of
the correlation. The 1 for the exampie presented above
is 0.99886, which represents the proportion of the vari-
ance of absorbance (y) that can be attributed to its lin-
ear regression on concentration (x). This means that
about 0.114% of the straight line variation (1.0000 ~

®

N -

X X

Examples of standard curves showing the rela-
tionship between the x and y variables when
there is (a) a high amount of negative correia-
tion and (b) no correlation between x and v va'-
ues.

0.99886 = 0.00114 x 100% = 0.114%) does not vary with
changes in x and ¥ and, thus:is due to indeterminate
variation. A small amount of variation is expected nor-

mally.

4.4.3 Errors in Regression Lines

While the correlation coefficient tells us something
about the error or variation in linear curve fits, it does
not always give the complete picture. Also, nejther Lin-
ear regression nor correlation coefficient will indicate
that a particular set of data have a linear relationship.
They only provide an estimate of the fit assumning the
line is a linear one. As indicated before, plotting the
data is critical when looking at how the data fit on the
curve (actually, a line). One parameter that is used
often is the y-residuals, which are simply the differ-
ences between the observed values and the calculated
or computed values {(from the regression line). Ad-
vanced computer graphics software can actually plot
the residuals for each data point as a function of con-
centration. However, plotting the residuals is usually
not necessary because data that do not fit on the line
are usually quite obvious. If the residuals are large for
the entire curve, then the entire method needs to be
evaluated carefully. However, the presence of one
point that is obviously off the line while the rest of the
points fit very well probably indicates an improperly
made standard.

One way to reduce the amount of error is to
include more replicates of the data such as repeat-
ing the observations with a new set of standards. The
replicate x and y values can be entered into the calcu-
lator or spreadsheet as separate points for the regres-
sion and coefficient determinations. Another, probably
more desirable, option is to expand the concentra-
tions at which the readings are taken. Collecting obser-
vations at more data points (concentrations) wil! pro-
duce a better standard curve. However, increasing the
data beyond seven or eight points usually is no! tene-
ficial.

Plotting confidence intervals, or bands or limits
on the standard curve along with the regression line is
another way to gain insight into the reliability o the
standard curve. Confidence bands define the statistical
uncertainty of the regression line at a chosen probabil-
ity {such as 95%) using the f-statistic and the calculated
standard deviation of the fit. In some aspects, the con-
fidence bands on the standard curve are similar to the
confidence interval discussed in section 4.3.1. How-
cver, in this case we are looking at a line rather than a
confidence interval around a mean. Figure 4-6 shows
the caffeine data from the standard curve presented
before, excep: some of the numbers have been modi-
fied to enhance the confidence bands. The confidence
bands (dashed Lines) consist of both an upper limit and
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A standard curve graph showing the confi-
dence bands. The data used to plot the graph
are presented on the graph as are the equation
of the line and the correlation coefficient.

a lower limit that define the variation of the y-axis
value. The upper and lower bands are narrowest at the
center of the curve and get wider as the curve moves to
the higher or lJower standard concentrations.

Looking at Fig. 4-6 again, note that the confidence
bands show what amount of variation we expect in a
peak area at a particular concentration. At 60 ppm con-
centration, by going up from the x-axis to the bands
and extrapolating to the y-axis, we see that with our
data the 95% confidence interval of the observed peak
area will be 4000 to 6000. In this case, the variakion is
large and would not be acceptable as a standard curve,
and is presented here only for illustration purposes.

Error bars also can be used to show the variation of
v at each data point. Several types of error or variation
statistics can be used such as standard error, standard
deviation, or percentage of data (i.e., 5%). Any of these
methods give a visual indication of experimental vari-
ation.

Unfortunately, confidence bands and error bars are
not used often because the mathematics is difficult and
most calculators and spreadsheet softwvare do not have
that capability. Construction of confidence bands
requires the use of advanced graphics software such as
Microcal’s Origin®.

Even with good standard curve data, problems can
arise if the standard curve is not used properly. One
common mistake is to extrapolate beyond the data
points used to construct the curve. Figure +7 illus-
trates some of the possible problems that might occur
when extrapolation is used. As shown in Fig. 47, the
curve or line may not be linear outside the area where
the data were collected. This can occur in the region
close to the origin or especially at the higher concen-
tration level.

Real
2 Outlier
;-E e
8]
[
5 Z
0N
-
L7
=

Concentration

A standard curve plot showing possible devia-
tions in the curve in the upper and lower limits.

Usually a standard curve will go through the ori-
gin, but in some situations it may actually tail off as
zero concentration is approached. At the other end of
the curve, at higher concentrations, it is fairly common
for a plateau to be reached where the measured param-
eter does not change much with an increase in concen-
tration. Care must be used at the upper limit of the
curve to ensure that data for unknowns are not col-
lected outside of the curve standards. Point Z on Fig.
4-7 should be evaluated carefully to determine if the
point is an outlier or if the curve is actually tailing off.
Collecting several sets of data at even higher concen-
trations should clarify this. Regardless, the unknowns
should be measured only in the region of the curve that
is linear.

4.5 REPORTING RESULTS

In dealing with experimental resuits, we always are
confronted with reporting data in a way that indicates
the sensitivity and precision of the assay. Ideally, we do
not want to overstate or understate the sensitivity of
the assay, and thus strive to report a meaningful value,
be it a mean, standard deviation, or some other num-
ber. The next three sections discuss how we can evalu-
ate experimental values so as to be precise when
reporting results.

4.5.1 Significant Figures

The term significant figure is used rather loosely to
describe some judgment of the number of reportable
digits in a result. Often, the judgment is not soundly
based, and meaningful digits are lost or meaningless
digits are retained. Exact rules are provided below to
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help determine the number of significant figures to
report. However, it is important to keep some flexibil-
ity when working with significant figures.

Proper use of significant figures is meant to give an
indication of the sensitivity and reliability of the ana-
lytical method. Thus, reported values should contain
only significant figures. A value is made up of signifi-
cant figures when it contains all digits known to be true
and one last digit that is in doubt. For example, a value
reported as 64.72 contains four significant figures, of
which three digits are certain (64.7) and the last digit is
uncertain. Thus, the 2 is somewhat uncertain and could
be either 1 or 3. As a rule, numbers that are presented in
a value represent the significant figures, regardless of
the position of any decimal points. This also is true for
values containing zeros, provided they are bounded on
either side by a number. For example, 64.72, 6472,
0.6472, and 6.407 all contain four significant figures.
Note that the zero to the left of the decimal point is used
only to indicate that there are no numbers above 1. We
could have reported the value as .6472, but using the
zero is better, since we know that a number was not
inadvertently left off our value.

Special considerations are necessary for zeros that
may or may not be significant.

1. Zeros after a decimal point are always signifi-
cant figures. For example, 64.720 and 64.700
both contain five significant figures.

2. Zeros before a decimal point with no other pre-
ceding digits are not significant. As indicated
before, 0.6472 contains four significant figures.

3. Zeros after a decimal point are not significant if
there are no digits before the decimal point. For
example, 0.0072 has no digits before the decimal
point; thus, this value contains two significant
figures. In contrast, the value 1.0072 contains
five significant figures.

4. Final zeros in a number are not significant
uniess indicated otherwise. Thus, the value 7000
contains only one significant figure. However,
adding a decimal point and another zero give
the number 7000.0, which has five significant
figures.

A good way to measure the significance of zeros, if the
above rules become confusing, is to convert the number
to the exponential form. If the zeros can be omitted, then
* they are not significant. For example, 7000 expressed in
exponential form is 7 x 10° and contains one significant
figure. With 7000.0, the zeros are retained and the num-
ber becomnes 7.0000 x 10°. If we were to convert 0.007 to
exponent form, the value is 7 x 10 3 and only one sig-
nificant figure is indicated. As a rule, determining sig-
nificant figures in arithmetic operations is dictated by
the value having the least number of significant figures.

The easiest way to avoid any confusion is to perform all
the calculations and then round off the final answer to
the appropriate digits. For example, 36.54 x 238 x 1.1 =
9566.172, and because 1.1 contains only two significant
figures, the answer would be reported as 9600 (remem-
ber, the two zeros are not significant). This method
works fine for most calculations, except when adding or
subtracting numbers containing decimals. In those
cases, the number of significant figures in the final value
is determined by the numbers that follow the decimal
point. Thus, adding 7.45 + 8.725 = 16.175; because 7.45
has only two numbers after the decimal point, the sum
is rounded to 16.18. Likewise, 433.8 — 32.66 gives 401.14,
which rounds off to 401.1. ,

A word of caution is warranted when using the
simple rule stated above, for there is a tendency to
underestimate the significant figures in the final
answer. For example, take the situation in which we
determined the caffeine in an unknown solution to be
43.5 ppm (see Equation [24]). We had to dilute the sam-
ple 50-fold using a volumetric flask in order to fit the
untknown within the range of our method. To calculate -
the caffeine in the original sample, we multiply our
result by 50 or 43.5 ug/ml x 50 = 2175 ug/ml in the
unknown. Based on owr rule above, we then would
round the number to one significant figure (because 50
contains one significant figure) and report the value as
2000. However, doing this actually underestimates the
sensitivity of our procedure, because we ignore the
accuracy of the volumetric flask used for the dilution.
A Class-A volumetric flask has a tolerance of 0.05 ml;
thus, a more reasonable way to express the dilution fac-
tor would be 50.0 instead of 50. We now have increased
the significant figures in the answer by two, and the
value becomes 2180 mg/ml.

As you can see, an awareness of significant figures
and how they are adopted requires close inspection.
The guidelines can be helpful but they do not always
work, unless each individual value or number is
closely inspected.

4.5.2 Rounding Off Numbers

Rounding off numbers is an important and necessary
operation in all analytical areas. However, premature
or incorrect rounding off can produce serious errors in
the final results. It usually is desirable to carry extra
numbers during calculations and perform the round-
ing off on the final answers.

Rounding off procedures are fairly straightfor-
ward and commonly used by most everyone. Even the
Internal Revenue Service allows taxpayers to round off
fractions of a dollar to the whole dollar when filling out
income tax forms. However, analytical data require a
littie more accuracy than the IRS, and thus the rules are
511\_1:'A:]}' differvnt.
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The basic rules of rounding off are listed below:

1. If the figure following those numbers to be
retained is less than 5, the figure is dropped and
the retained numbers are kept unchanged. For
example, 64.722 is rounded off to 64.72.

2. If the figure following those numbers to be
retained is greater than 3, the figure is dropped,
and the last retained number is increased by 1.
For example, 64.727 is rounded off to 61.73.

3. If the number following those to be retained is a
5. and there are no figures other than zeros
beyond the 5, the figure is dropped and the last
retained figure is increased by 1 if it is an odd
number, or it is kept unchanged if it is an even
number. For example, 64.725 is rounded off to
64.72 and 65.705 is rounded off to 64.70, whereas
61.715 is rounded off to 64.72.

A simplified version of rule 3 above is to increase
by 1 if the 5 is followed by numbers other than zeros
and ignore the even—odd method. If the 5 is followed
by zeros, then it is simply dropped. For example,
64.715 would round off to 64.71, whereas 64.715001
would round off to 64.72.

Remember, it is best to round off after performing
any mathematical operations.

4.5.3 Rejecting Data

Inevitably, during the course of working with experi-
mental data we will come across a value that does not
match the others. Can you reject that value, and thus
not use it in calculating the final reported results?

The answer is “sometimes,” but only after careful
consideration. If you are routinely rejecting data to
help make your assay look better, then you are misrep-
resenting the results and the precision of the assay. If
the bad value resulted from an identifiable mistake in
that particular test, then it is probably safe to drop the
value. Again, caution is advised, because you may be
rejecting a value that is closer to the true value than
some of the other values.

Consistently poor accuracy or precision indicates
that an improper technique or incorrect reagent was
used or that the test was not very good. It is best to
make changes in the procedure or change methods
rather than try to figure out ways to eliminate undesir-
able values.

There are several tests for rejecting an aberrant
value. One of these tests, the Q-Test, is commonly
used. In this test, a Q-value is calculated as shown
below and compared to values in a table, If the calcu-
lated value is larger than the table value, then the ques-
tionable measurement can be rejected at the 90% confi-

dence level.

Iﬁ - I
-val -2 1
Q-value ™ (26]

where:

x; = the questionable value

X, = the next closest value to x,

W = the total spread of all values; obtained by
subtracting the lowest value from the high-
est value

Table 4~ provides the rejection Q-values for a 90% con-
fidence level.

The example below shows how the test is used for
the moisture level of uncooked hamburger for which
four replicates were performed giving values of 64.53,
64.45, 64.78, and 53.31. The 55.31 value looks as if it is
too low compared to the other results. Can that value
be rejected? For our example, x; = the questionable
value = 55.31, and x; is the closest neighbor to x, (which
is 64.45). The spread (W) is the high value minus the
low measurement, which is 64.78 — 55.31.

Q-value = 64.45-5531 9.14
T 64.78-5531 947

From Table 4-4, we see that the calculated (-value
must be greater than 0.76 to reject the data. Thus, we

make the decision to reject the 55.31% moisture value
and do not use it in calculating the mean.

=097 [27]

4.6 SUMMARY

This chapter focused on the basic mathematical treat-
ment that most likely will be used in evaluating a
group of data. For example, it should be almost second
nature to determine a mean, standard deviation, and
goefficient of variation when evaluating replicate
analyses of an individual sample. In evaluating linear
standard curves, best line fits always should be deter-

4-4
[_table |

Number of Observations

&-Values for the Rejeclion of Resulls

Q of Rejection (90% level)

0.94
0.76
0.64
0.56
Q.51
Q.47
0.44
0.41

CLEBNOWL&EW

1

Reprinted with permission frcm Cean, R. 8., and Dixon, W. J. 1951.
simglified statistics lor small numbers of observations. Analytical
Chemistry 23:636-838. Copyright 1951, American Chemical Soci-

ety.
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mined along with the indicators of the degree of lin-
earity (correlation coefficient or coefficient of determi-
nation). Fortunately, most computer spreadsheet and
graphics software will readily perform the calculations
for you. Guidelines are available to enable one to
report analytical results in a way that tells something
about the sensitivity and confidence of a particular test.
These include the proper use of significant figures,
rules for rounding off numbers, and use of the J-test to
reject grossly aberrant individual values.

4.7 STUDY QUESTIONS

1. Method A to quantitate a particular food component was
reported to be more specific and accurate than method B,
but method A had lower precision. Explain what this
means.

2. You are considering adopting a new analytical method in
your lab to measure moisture content of cereal products.
How would you determine the predsion of the new
method and compare it to the old method? Include any
equations to be used for any needed calculations.

3. Differentiate “standard deviation” from “coefficient of
variation,” “standard error of the mean,” and “confidence
interval ” ' :

1. Differentiate the terms "absolute error” versus “relative
error.” Which is more useful? Why?

5. For each of the errors described below in performing an
analytical procedure, classify the error as random error,
systernatic error, or blunder, and describe 2 way to over-
come the error.

a. Automatic pipettor consistently delivered 0.96 mi
rather than 1.00 ml. .

b. Substrate was not added to one tube in an enzyme
assay.

. Differentiate the terms “sensitivity” and “detection limit.”

. The correlation coefficient for standard curve A is re-
ported as 0.9970. The coefficient of determination for stan-
dard curve B is reported as 0.9950. In which case do the
data better fit a straight line?

~ o

4.8 PRACTICE PROBLEMS

1. How many significant figures are in the following num-
bers: 0.0025, 4.50, 5.607?

. What is the correct answer for the following calculation
expressed in the propcr amount of significant figures?

243 x 001672
1.83215

3. Given the following data on dry matter (88.62, 5§8.74,
§9.20, 82.20), determine the mean, standard deviation, and
coefficient of variation. Is the precision for this set of data
acceptable? Can you reject the value 82.20 since il seems to
be different than the others? What is the 95% confidence
level you would expect your values to fall within if the test

&

were repeated? If the true value for dry matter is $9.40,
what is the % relative error? :

4. Compare the two groups of standard curve data below for
sodium determination by atomic emission spectroscopy.
Draw . the standard curves using graph paper or a com-
puter software program. Which group of data provides a
better standard curve? Note that the absorbance of the
emitted radiation at 589 nm increases proportionally to
sodium concentration. Calculate the amount of sodium in
a sample with a value of 0.555 for emission at 589 nm. Use
both standard curve groups and compare the resuits.

Group A—Sodlum Standard Curve

Sodium Concentration (ug/mi} Emission at 589 nm
“1.00 0.050
3.00 0.140
1 5.00 0.242
10.0 0.521
200 0.998

Group B—Sodium Standard Curve

Sodium Concentration {pg/mi} Emission at 589 nin
1.00 0.060
3.00 - 0.113
5.00 ' 0.221

10.0 0.592

20.0 . 0.917

Answers:

1.2,3,4.2.0.0222. 3. mean = §7.19, SD,, , =3.34, CV = 3.53%;
thus the predsion is acceptable. Q. = 0.92; therefore the
value 82.20 can be rejected. CI = 8719 = 5.31. %E,,, =
-2.47%. 4. Group A is the better std. curve (group A, r* =
0.9990; group B, 7 = 0.9708). Sodium in the sample using
group A std. curve = 11.1 pg/ml; with group B std. curve
=115 pg/ml

4.9 RESOURCE MATERIALS

1. McCormick, D., and Roach, A. 1987. Measurement, §:.:tis-
ties and Computation. John Wiley & Sons, New York. This
is a very good book covering a wide variety of topics of
interest to an analytical chemist. The best feature ¢: this
book is that it covers the topics at an introductory ievel
yet with sufficient detail and examples.

2. Miller, J.C., and Miller, ].N. 1988. (Reprinted with correc-
tions 1989.) Statistics for Analytical Cliemistry, 2nd ed. Ellis
Horwood Ltd., distributed by John Wiley & Sons, New
York. (Also available from Aldrich Chemical Cc., Mii-
waukee, WL) This is another excellent introductory text
for beginner analytical chemists. It contains a fair amouznt
of detail, sufficient for most analytical statistics, vet works
through the material starting at a basic introductory level.
The authors also discuss the Q-test used for rejecting data.
Unfortunately this book is currently out of print.

3. Skoog, D.A., and West, D.M. 1982. Fundamentals of Ana-
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Iytical Chemistry, 4th ed. Holt-Saunders, New York. Chap-
ter 3 does an excellent job of covering most of the statis-
tics needed by an analytical chemist in an casy-to-read
style.

4. Willard, H.H., Merritt, L.L., Je. Dean, J.A., and Settle,

EA., Je, 1988. Instrumental Methods of Analysis, 7th ed.
Wadsworth Publishing, Belmon, CA. This gives a rigor-
ous treatment of instrumentation and hkas a very useful
chapter (Chapter 2, Measurements, Signals and Data) un
types of error generated by instruments,
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5.1 INTRODUCTION

To control food quality and acceptance within satisfac-
tory limits, it is important to monitor the vital charac-
teristics of raw products, ingredients, and processed
foods. This could be done by evaluating all foods or
ingredients from a particular lot, which is feasible if the
analytical technique is rapid 2nd nondestructive. How-
ever, it is usually more practical to select a portion of
the total product volume and assume the quality of the
selected portion is typical of the whole lot.

Obtaining a portion, or sample, that is representa-
tive of the whole is referred to as sampling, and the
total quantity from which a sample is obtained is called
the population. Adequate sampling technique helps to
ensure that sample quality measurements are an accu-
rate and precise estimate of the quality of the popula-
tion. By sampling only a fraction of the population, a
quality estimate can be obtained more quickly and
with less expense and personnel time than if the total
population were measured. The sample is only an esti-
mate of the true value of the population, but with
proper sampling technique it can be a very accurate
estimate. Sampling procedures and their selection are
discussed in sections 5.2 and 5.3.

Alaboratory sample for analysis can be of any size
or quantity (1). Factors affecting the sample size and
associated problems are discussed in sections 5.3 and
5.4, while preparation of laboratory samples for testing
is described in section 5.4. '

As you read each section of the chapter, consider
application of the information to some specific exam-
ples of sampling needs in the food industry: sampling
for nutrition labeling (see Study Question 7 in this
Chapter), pesticide analysis (see also Chapter 20, sec-
tion 20.1.3), mycotoxin analysis (see also Chapter 20,
section 20.2.2), extraneous matter (see also Chapter 23),
or rheological properties (see also Chapter 34). To con-
sider sample collection and preparation for these and
other applications subject to government regulations,
you are referred also to the sample collection section of
compliance procedures established by the Food and
Drug Administration (FDA) and Food Safety and
Inspection Service (FSIS) of the United States Depart-
ment of Agriculture (USDA) (see Chapter 3, section
3.2.3.1). :

It should be noted that sampling terminology and
procedures used may vary between companies and
between specific applications. However, the principles
described in this chapter are intended to provide a
basis for understanding, developing, and evaluating
sampling plans and sample handling procedures for
specific applications encountered.

5.2 SELECTION OF
SAMPLING PROCEDURES

5.2.1 General Information

Itis important to clearly define the population that s to
be sampled. The population may vary in size from a
production lot, a day’s production, to the contents of

"a warehouse. Extrapolating information obtained from

a sample of a production ot to the population of the lot
can be done accurately, but conclusions cannot be
drawn from data describing larger populations, such
as the whole warehouse.

Populations may be finjte, such as the size of a lot,
or infinite, such as in the number of temperature obser-
vations made of a lot over time (2). For finite popula-
tions, sampling provides an estimate of lot quality. [n
contrast, sampling from infinite populations provides
information about a process. Regardless of the popula-
tion type, i.e., finite or infinite, the data obtained from
sampling are compared to a range of acceptable values
to ensure the population sampled is within spec-
ifications.

Data obtained from an analytical technique are the
result of a stepwise procedure from sampling, to sam-
ple preparation, laboratory analysis, data processing,
and data interpretation. There is a potential for error at
each step and the uncertainty, or reliability, of the final
resultdepends on the cumulative errors at each stage (3,
4}. Variance is an estimate of the uncertainty. The total
variance of the whole testing procedure is equal to the
sum of the variances associated with each step of the
sampling procedure and represents the precision of
the process. Precision is a measure of the reproducibil-
ity of the data. In contrast, accuracy is a measure of how
close the data are to the true value. The most efficient
way to improve accuracy is to improve the reliability of
the step with the greatest variance. Frequently, this is
the initial sampling step. The reliability of sampling is
dependent more on the sampile size than on the popu-
lation size (2). The larger the sample size the more reli-
able the sampling. However, sample size is limited by
time, cost, sampling methods, and the logistics of sam-
ple handling, analysis, and data processing.

5.2.2 Sampling Plan

Most sampling is done for a specific purpose {e.g., to
determine if the number of defects in the lot is accept-
able),.and the purpose may dictate the nature of the
sampling approach. The International Union of Pure
and Applied Chemistry (IUPAC) defines a sampling
plan as “a predetermined procedure for the selection,
withdrawal, preservation, transportation, and prepa-
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ration of the portions to be removed from a lot as sam-
ples” (1). A sampling plan should be a well organized
document that establishes the required procedures for
accomplishing. the program’s objectives. It should
address the issues of who, what, where, why, and how.
The primary aim of sampling is to obtain 2 sample,
subject to constraints on size, that will satisfy the sam-
pling plan specifications. A sampling plan should be
selected on the basis of the sampling objective, the
study population, the statistical unit, the sample selec-
tion criteria, and the analysis procedures. The two pri-
mary objectives of sampling are often to estimate the
average value of a characteristic and determine if
the average value meets the specifications defined in
the sampling plan.

5.2.3 Factors Affecting Choice of
Sampling Plan

Each factor affecting the choice of sampling plans
(Table 5-1) must be considered in the selection of a
plan. When the purpose of the inspection, the nature of
the product, the test method, and lot to be sampled are
determined, a sampling plan can be developed that
will provide the desired information.

5.2.4 Sampling for Attributes or Variables

Sampling plans are designed for examinatior. of either
attributes or variables (2). In attribute sampling, sam-
pling is performed to decide on the acceptatility of a
population based on whether the sample possesses a
certain characteristic, for example, Clostriiium botu-
linum contamination in canned goods. Attribute sam-

5-1 )
Factors that Atfect the Choice of Sampling Plans

pling provides data that are in dichotomous form, i.e.,
data for which there exist two possible alternatives,
such as present or absent. The statistical distribution of
such a sampling plan is hypergeometric, binomial, or
Poisson. In the event of a binomijal distribution of the
data (e.g., presence of Clostridium botulinum), the prob-
ability of a single occurrence of the event is directly
proportional to the size of the sample. Computing
binomial probabilities will allow the investigator to
make inferences on the overall lot.

In variable sampling, sampling is performed to
estimate quantitatively the amount of a substance (e.g.,
salt) or a characteristic (e.g., color) on a continuous
scale. The estimate obtained from the sample is com-
pared with an acceptable value (i.e., previously de-
termined) and the deviation measured. This type of
sampling usually produces data that have a normal
distribution, such as in the percent fill of a container
and total solids of a food sample. In general, variable
sampling requires smaller sample size than attribute
sampling (2) and each characteristic should be sam-
pled for separately when possible. However, when
FDA and FSIS of USDA do sampling for compliance of
nutrition labeling, a composite of 12, and of at least six
subsamples, respectively, is obtained and used for all
nutrients to be analyzed.

There are three basic types of sampling plans: sin-
gle, double, or multiple (5). Each may be used for evai-
uation of attributes or variables, or a combination of
both. Selection of the plan depends on the expected
overall lot quality and sampling costs. Single sam-
pling plans allow accept/reject decisions to be made
by inspection of one sample of a specified size. Double
sampling plans require the selection of two sampie

Factors 1o Be Considered

Questions

Purpose of the sinspest.an

Is it to accept or reject the lo2?

Is it to measure the average quality of the lo1?
Is it to delermine the variability of the product?

Nature of the pro Juc!

Is it homogeneous of heterogeneous?

What is the unit size?
How consistently have past populations me! specifications?
whatl is the cost of the matena! being sampled?

Nalure of the tes: methoz!

Is the test critical or minor?
will sorneane become sick or die i the population fails to pass the lest?

Is the tes! destruclhive or nondestruclive?
How much does the lest cost to complete?

Nature of the populaticr: being investigated

Is the ot large but unilorm?
Does the 1ot consist of smaller. easily identifiable sublots?

What i€ ine Cistdulion of the uans within the population?

Adapted from {1).
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sets. However, if the lot is of extremely high or low
quality, acceptance or rejection may be determined
after evaluation of the first set of samples. However, if
the first sample indicates the lot is of intermediate
quality, a second sample set is taken. A decision on the
acceptability is then based on analysis of data from
both sample sets. The cost associated with multiple
sampling plans can be reduced by rejecting low-qual-
ity lots and accepting high-quality lots quickly. The
amount of sampling depends on the overall lot quality.
A multiple sampling chart must be developed to relate
the cumulative number of defects to the number of
samples taken from the lot (Fig. 5-1). The chart consists
of two parallel lines: a rejection line and an acceptance
line. When the cumulative number of defects lies above
the rejection line, the lot should be rejected. When the

number of defects falls below the acceptance line, the |

lot can be accepted. Sampling should continue until
the number of defects crosses the acceptance or the
rejection line. :

The choice of a sampling plan is an important con-
sideration, especially when monitoring food safety by
measurement of fungal toxins, named mycotoxins, in
food systems. Mycotoxins are distributed broadly and
randomly within a population and a normal distribu-
tion cannot be assumed (1). Such distribution requires
combination of many randomly selected portions to
obtain a reasonable estimate of mycotoxin levels.
Methods of analysis that are extremely precise are not

(4]
4—

Rejection
lIne

Acceptance
line

Number of Defects

L l ]
1

0 t t
10 20 30 40
4 Number of Samples Analyzed

5-1 Acceptance/rejection chart for multiple sam-
oore | pling plans for use in quality assurance.

needed when determining mycotoxin levels, when
sampling error is many times greater than analytical
error (1). In this case, sampling and good comminution
and mixing pcior to particle size reduction are more
important than the chemical analysis itself. Additional
information on sampling for mycotoxin analysis is pro-
vided in Chapter 20 section 20.2.2.

5.2.5 Risks Associated with Sampling

There are two types of risks associated with sampling.
Both should be considered when developing a sam-
pling plan (1). The consumer risk describes the proba-
bility of accepting a poor quality population. This
should happen rarely (<5% of the lots} but the actual
acceptable probability of a consumer risk depends on
the consequences associated with accepting an unac-
ceptable lot. These may vary from major health haz-
ards and subsequent fatalities to a lot being of slightly
lower quality than standard lots. Obviously, the former
demands a low or no probability of occurring whereas
the latter would be allowed to occur more frequently.
The vendor risk is the probability of rejecting an
acceptable product. As with consumer risk, the conse-
quences of an error determine the acceptable probabil-
ity of the risk. An acceptable probability of vendor risk
is usually 5~-10%.

A sampling plan should be simple and flexible,
protect both the consumer and the vendor, and provide
for utilization of rejected lots (1). Further discussion of
sampling plans can be found in section 5.3.3.

5.3 SAMPLING PROCEDURES

5.3.1 Introduction and Examples

The reliability of analytical data is compromised if
samnpling is not done properly. As shown in Table 5-1,
the use of the data to be obtained will determine the
sampling procedure. Details for the sampling of spe-
cific food products are described in the Official Methods
of Analysis of AOAC International (6) and in the Code of
Federal Regulations (CFR) (7). Two such examples for
specific foods follow.

The AOQAC Method 92508 (6) describes the
method for sampling flour from sacks. The number of
sacks to be sampled is determined by the square root of
the number of sacks in the lot. The sacks to be sampled
are chosen according to their exposure. The samples
that are more frequently exposed are sampled more
often than samples that are exposed less. Sampling is
done by drawing a core from a corner at the top of the
sack diagonally to the center. The sampling instrument
is a cylindrical, pointed, polished trier with a pointed
end. Itis 13 mm in diameter with a slit at least one third
of the circumference of the trier. A second sample is
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taken from the opposite corner in a similar manner.
The cores are stored for analysis in a clean, dry, airtight
container that has been opened near the lot to be sam-
pled. The container should be sealed immediately after
the sample is added. A separate container is used for
each sack. Additional details regarding the container
and the procedure also are described below.

Title 21 CFR specifies the sampling procedures
required to ensure that specific foods conform to the
standard of identity. In the case of canned fruits, 21
CFR 145.3 defines a sample unit as “container, a por-
tion of the contents of the container, or a composite
mixture of product from small containers that is suffi-
dent for the testing of a single unit” (7). Furthermore, 2
sampling plan is specified for containers of specific net
weights. The container size is determined by the size of
the lot. A specific number of containers must be filled
for sampling of each lot size. The lot is rejected if the
number of defective units exceeds the acceptable limit.
For example, out of a lot containing 48,001 to 84,000
units, each weighing 1 kg or less, 48 samples should be
selected. If six or more of these units fail to conform to
the attribute of interest the Jot will be rejected. Based on
statistical confidence intervals, this sampling plan will
reject 95% of the defective lots examined, i.e., 5% con-
sumer risk (7).

The discussion below describes general considera-
tons to take into account when obtaining 2 sample for
analysis.

5.3.2 Homogeneous versus
Heterogeneous Populations

The ideal population would be uniform throughout
and identicz] at all locations. Such a population would
be homogeneous. Sampling from such a population is
simple, as a sample can be taken from any location and
the analytical data obtained will be representative of
the whole. However, this occurs rarely, as even in an
apparentiy unifor: product, such as sugar svrup, sus-
pended particles &nd sediments in a few places may
render the population heterogeneous. In fact, most
populations that arc sampled are heterogeneous.
Therefore, the location within a population where a
sample is- taken will affect the subsequent data
obtained. However, sampling plans (section 5.2.2) and
sample preparation (section 5.4) can make the sample
representative of the population or take heterogeneity
into account in some other way.

5.3.3 Manual versus Continuous Sampling

To obtain a2 manual sample the person taking the sam-
ple must attempt to take a “random sample” to avoicd
human bias in the sampling method. Thus, the sampic

must be taken from a number of locations within the
population to ensure it is representative of the whole
population. For liquids in small containers, this can be
done by shaking prior to sampling. When sampling
from a large volume of liquid, such as that stored in.
silos, aeration ensures a homogeneous unit. Liquids
may be sampled by pippetting, pumping, or dipping
(Fig. 5-2). However, when sampling grain from a rail
car, mixing is imnpossible and samples are obtained by
probing from several points at random within the rail
car. Such manual sampling of granular or powdered
material is usually achieved with triers or probes that
are inserted into the population at several locations.
Errors may occur in sampling (8), as rounded particles
may flow into the sampling compartments more easily
than angular ones. Similarly, hygroscopic materials
flow more readily into the sampling devices than do
nonhygroscopic material. Horizontal core samples
have been found to contain a larger proportion of
smaller sized particles than vertical ones (8).
Continuous sampling is performed mechanically. -

Figures 5-3 and 54 show automatic sampling devices
in production lines for liquids and solids, respectively.

!

A manual core sampler for fluids. The sampler

Trgure takes 4 ml of fluid for each inch (2.54 em) depth.
Sarmpler is shown with sanitizing/carrier case
(right). (Courtesy of Liquid Sampling Systems
Inc, Cedar Rapids, 1A.)
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5:3 An automatic liquid sampling device that uses

air under high pressure to collect multiple 1.5-
mL samples. The control box (left) regulates the
sampling frequency. (Courtesy of Liquid Sam-
pling Systems Inc., Cedar Rapids, [A.)

Continuous sampling should be less prone to human
bias than manual sampling.

5.3.4 Statistical Considerations
5.3.4.1 Nonprobability Sampling

Nonprobability sampling is performed when a repre-
sentative sample of a population cannot be collected.
In certain cases of adulteration such as rodent contam-
ination, the objective of the sampling plan may be to
highlight the adulteration rather than collect a repre-
sentative sample of the population. This type of sam-
pling can be done in many ways, but in each case the
probability of including any specific portion of the
population is not equal because the investigator selects
the samples, without estimating sampling error.
Judgment sampling is solely at the discretion of
the sampler and therefore is highly dependent on the
person taking the sample. This method is used when it
is the only practical way of obtaining the sample. It

may result in a better estimate of the population than
random sampling if sampling is done by an experi-
enced individual and the limitations of extrapolation
from the results are understood (1). Convenience sam-
pling is performed when ease of sampling is the key
factor. The first pallet in a lot or the sample that is most
accessible is selected. This also is called “chunk sam-
pling” or “grab sampling.” Although this sampling
requires little effort, the sample obtained will not be
representative of the population, and therefore is not
recommended. Restricted sampling may be unavoid-
able when the entire population is not accessible. This
is the case if sampling from a loaded boxcar, but the
sample will not be representative of the population.
Quota sampling is the division of a lot into groups rep-
resenting various categories, and samples are then
taken from each group. This sampling method is less
expensive than random sampling but also is less reli-
able.

5.3.4.2 Probability Sampling

Probability sampling plans provide a statistically
sound basis for obtaining representative samples with
elimination of human bias (1) and therefore is the most
desirable. The probability of including any item in the
sample is known and sampling error can be calculated.

Simple random sampling requires that the num-
ber of units in the population be known and each unit
is assigned a number. A specific quantity of random
numbers between one and the total number of popula-
tion units is selected. Sample size is determined by lot
size and the potential impact of a consumer or vendor
error. Various sampling plans are used, including ran-
dom number tables and computer-generated random
numbers. Units corresponding to the random numbers
then are analyzed as an estimate of the population.

Systematic sampling is used when a complete list
of sample units is not available, but when samples are
distributed evenly over time or space, such as on a pro-
duction line. The first sample is selected at random and
then every nth unit after that. However, the variance is
difficult to determine.

Stratified sampling involves dividing the popula-
tion into overlapping subgroups so that each subgroup
is as homogeneous as possible. Group means, there-
fore, differ from each other as much as possible. Ran-
dom samples then are taken from each subgroup. The
procedure provides a representative sample because
no part of the population is excluded and it is less
expensive than simple random sampling.

Cluster sampling entails dividing the population
into subgroups, or clusters, so that the clusters’ charac-
teristics are as identical as possible, i.e., the means are
as similar as possible. Any heterogeneity occurs within
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- $— Corroller is designed with ary
mange timer and will ke pre-set
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\ 4
5.4 An automatic sampling device for powders, granules, and pellets. Sampling occurs by exerting negative or posi-

each cluster. Clusters should be small with a similar
number of units in each cluster. The clusters arc sam-
pled randomly and may be either totally inspected or
subsampled- for analysis. This sampling method is
more efficient and less expensive than simple random
sampling, if populations can be divided into homoge-
| neous groups.

Composite sampling is uscd to ottain samples
from bagged products such as ficur, seecs, and larger
items in bulk. Two or more samples are combined to
obtain one sampie for analysis that reduces differences
between samples. For example, FDA and FSIS compos-
ite 12 and at least six subsampies, respectively, for the
sample to be analyzcd for compliance with nutrition
labeling regulations (9}.

tive pressure in horizontal or vertical pneumatic conveying systems. (Courtesy of Gustafson, Inc., Dallas, T>")

5.3.4.3 Mixed Sampling

Mixed sampling combines random and nonstatis:ica!
sampling. The population is subdivided by the investi-
gator and items from the groups are selected randomly.

5.3.4.4 Optimum Sampling Size and
Statistical Analysis

Statistical analysis, using the t-test, provides impor-
tant information regarding the optimum sample size
nevded to obtain a reliable population estimate. This
information is used to avoid wasting resources by
avoidig unnecessary sampling or sampling with sam-
ple numbers too small to provide reliable data.



Chaptar 5 « Samgling and Sample Preparation

79

The sample size is dependent on how accurate the
estimate needs to be, i.e., the sample size depends on
the degree of accuracy required. A larger sample size is
needed to obtain a population estimate that is plus or
minus 5% of the true value than would be needed to
obtain an estimate that is plus or minus 25%. Equation
(1] shows how the optimum sample size for a certain
degree of accuracy can be found using t-values.

Y/ (1l
"SD/ n

where:

2 = sample mean
u = population mean

SD = standard deviation of the sample
n = sample size

To find the probability that the sample and population
means are different, the calculated ¢-value can be com-
pared to a t-distribution with degrees of freedom one
less than the sample size. The denominator of Equation
[1] (SD/ Vn) is known as the standard error of the
mean (SEM). The SEM is close to zero as the sample
size approaches infinity. If the SEM is multiplied by the
appropriate t-value, a confidence interval can be esti-
mated. If the t-value has a 0.05 level of significance, the
data have a 95% probability of being within the confi-
dence interval, i.e., 95% confidence.

If the denominator in Equation (1] is replaced by
accuracy x sample mean, the equation can be rearranged
and solved for sample size, as shown below (terms are
defined in Equation [1] and below):

sample size = (f,_,)? (SD)/ (accuracy x 2)* (2]

If a preliminary study is done to find the sample mean
and sample variance, the equation will calculate the
sample size needed for any degree of accuracy. In
Equation (2], the t-value (t_ ,_,} is obtained from a t-dis-
tribution with a specified significance level (e.g., & =
0.05), and degrees of freedom identical to the denomi-
nator in finding sample variance, i.e, n - 1. A sample
mean within 10% of the population would represent an
accuracy of 0.1.

The calculated sample size is most useful if the
data follow a Gaussian normal distribution. Neverthe-
less, the central limit theorem, which states that as sam-
ple size increases the means of samples drawn from a
population with any distribution will approach a nor-
mal Gaussian distribution, can be applied to popula-
tions with various statistical distributions.

5.3.5 Problems in Sampling

Analytical data never are more reliable than the sam-
pling technique. Sampling bias, due to nonstatistically

viable convenience, may comprormise reliability. Errors
also may be introduced by not understanding the pop-
ulation distribution and subsequent selection of an
inappropriate sampling plan.

Unreliable data also can be obtained by nonstatisti-
cal factors such as poor sample storage resulting in sam-
ple degradation. Samples should be stored in a con-
tainer that protects the sample from moisture and other
environmental factors that may affect the sample (e.g.,
heat, light, air). To protect against changes in moisture
content, samples should be stored in an airtight con-
tairer. Light-sensitive samples should be stored in con-
tainers made of opaque glass, or the container wrapped
in aluminum foil. Oxygen-sensitive samples should be
stored under nitrogen or an inert gas. Refrigeration or
freezing may be necessary to protect chemically unsta-
ble samples. However, freezing should be avoided
when storing unstable emulsions. Preservatives (e.g.,
mercuric chloride, potassium dichromate, and chlore-
form) (2) can be used to stabilize certain food sub-
stances during storage.

Mislabeling of samples causes mistaken sample
identification. Samples should be clearly identified by
markings on the sample container in a manner such
that markings will not be removed or damaged during
storage and transport. For example, plastic bags that
are to be stored in ice water should be marked with
water-insoluble ink.

If the sample is an official or legal sample the con-
tainer must be sealed to protect against tampering and
the seal mark easily identified. Official samples also
must include the date of sampling with the name and
signature of the sampling agent. The chain of custody
of such samples must be identified clearly.

5.4 PREPARATION OF SAMPLES

5.4.1 General Size Reduction Considerations

If the particle size or mass of the sample is too large for
analysis, it must be reduced in bulk or particle size (2).
To obtain a smaller quantity for analysis the sample can
be spread on a clean surface and divided into quarters.
The two opposite quarters are combined. If the mass is
still too large for analysis, the process is repeated until
an appropriate amount is obtained. This method can be
modified for homogeneous liquids by pouring into
four containers, and can be automated (Fig. 5-5). The
samples are thus homogenized to ensure negligible
differences between each portion (1).

AOQAC International (6) provides details on the
preparation of specific food samples for analysis,

‘which depends on the nature of the food and the analy-

sis to be performed. For example, in the case of meat
and meat products (6), it is specified in Method 983.18
that small samples should be avoided, as this results in
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significant moisture loss during preparation and sub-
sequent handling. Ground meat samples should be
stored in glass or similar containers, with air- and
watertight lids. Fresh, dried, cured, and smoked meats
are to be bone free and passed three times through a
food chopper with plate openings no more than 3 mm
wide. The sample then should be mixed thoroughly
and analyzed immediately. If immediate analysis is not
possible, samples should be chilled or dried for short-
term and long-term storage, respectively.

A further example of size reduction is the prepara-
tion of solid sugar products for analysis as described in
AOAC Method 920.175 (6). The method prescribes that
the sugar should be ground, if necessary, and mixed to
uniformity. Raw sugars should be mixed thoroughly
and rapidly with a spatula. Lumps are to be broken by
a mortar and pestle or by crushing with a glass or iron
rolling pin on a glass plate.

5.4.2 Grinding

Various mills are available for reducing particle size for
sample homogenization (9). To homogenize moist
samples, bowl cutters, meat mincers, tissue grinders,
mortars and pestles, or blenders are used, while mor-
tars and pestles and mills are best for dry samples.
Mills differ according to their mode of action,
being classified as a burr, hammer, impeller, cyclone,
impact, centrifugal, or roller mill (10). Methods for
grinding dry materiais range from a simple pestle and
mortar to power driven hammer mills. Hammer mills

wear well, and reliably and effectively grind cereals
and dry foods, while small samples can be finely
ground by bail mills. A ball mill grinds by rotating the
sample in a container that is half filled with ceramic
balls. This impact grinding can take hours or days to
complete. A chilled ball mill can be used to grind
frozen foods without predrying and also reduces the
likelihood of undesirable heat-initiated chemical reac-
tions occurring during milling (10). Alternatively, dry
materials can be ground using an ultracentrifugal mill
by beating, impact, and shearing. The food is fed from
an inlet to a grinding chamber and is reduced in size by
rotors. When the desired particle size is obtained, the
particles are delivered by centrifugal force into a col-
lection pan (10). Large quantities can be ground con-
tinuously with a cyclone mill.

Particle size is controlled in certain mills by adjust-
ing the distance between burrs or blades or by screen
mesh sizes (i.e., the number of openings per linear inch
of mesh). The final particles of dried foods should be 20
mesh for moisture, total protein, or mineral determina-
tions. Particles of 40 mesh size are used for extraction
assays such as lipid and carbohydrate estimation.

Some foods are more easily ground after drying in
a desiccator or vacuum oven. Grinding wet samples
may cause significant losses of moisture and chemical
changes. In contrast, grinding frozen samples reduces
undesirable changes.

The grinding process should not heat the sample,
and therefore the grinder should not be overloaded to
control the heat produced through friction. Contact of

food with bare metal surfaces should be avoided if

trace metal analysis is to be performed.

To break up moist tissues, a number of slicing
devices are available; bowl cutters can be used for
fleshy tubers and leafy vegetables while meat mincers
may be better suited for fruit, root, and meat (10).
Addition of sand as an abrasive can provide further
subdivision of moist foods. Waring blenders are effec-
tive in grinding soft and flexible foods and suspen-
sions. Rotating knives (25,000 rpm} will disintegrite a
sample in suspension. In colloidal mills, a dilute sus-
pension is flowed under pressure through 2 gap
between slightly serrated or smooth surfaced blades
until they are disintegrated by shear. Sonic and super-
sonic vibrations disperse foods in suspension and in
aqueous and pressurized gas solution. The Mickle dis-
integrator sonically shakes suspensions with glass par-
ticles and the sample is homogenized and centrifuged
at the same time (10). Alternatively, a low shear contin-
uous tissue homogenizer is fast and handles large vol-
umes of sample.

5.4.3 Enzymatic Inactivation

Food materials often contain enzymes that may
degrade the food components being analyzed. Enzyme
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activity therefore must be eliminated or controlled
using methods that depend on the nature of the food.
Heat denaturation for enzyme inactivation and freezer
storage (20 to ~30°C) for limiting enzyme activity are
common methods. However, some enzymes are more
effectively controlled by changing the pH, or by salting
out (10). Oxidative enzymes may be controlled by
adding reducing agents.

5.4.4 Lipid Oxidation Protection

Lipids present particular problems in sample prepara-
tion. High fat foods are difficult to grind and may need
to be ground while frozen. Unsaturated lipids are sen-
sitive to oxidative degradation and should be pro-
tected by storing under nitrogen or vacuum. Antioxi-
dants may stabilize lipids and may be used if they do
not interfere with the analysis. Light-initiated photoox-
idation of unsaturated lipids can be avoided by con-
trolling storage conditions. In practice, lipids are more
stable when frozen in intact tissues rather than as
extracts (10). Therefore, ideally, unsaturated lipids
should be extracted just prior to analysis. Low-temper-
ature storage is generally recommended to protect
most foods.

5.4.5 Microbial Growth and Contamination

Microorganisms are present in almost all foods and can
alter the sample composition. Likewise, microorgan-
isms are present on all but sterilized surfaces, so sam-
ple cross-contamination can occur if samples are not
handled carefully. The former is always a problem and
the latter is particularly important in samples for
microbiological examination. Freezing, drying, and
chemical preservatives are effective controls and often
a combination of these is used. The preservation meth-
ods used are determined by the probability of contam-
ination, the storage conditions, storage time, and the
analysis to be performed (10).

5.5 SUMMARY

Food quality is monitored at various processing stages
but 100% inspection is rarely possible, or even desir-
able. To ensure a representative sample of the popula-
tion is obtained for analysis, sampling and sample
reduction methods must be developed and imple-
mented. The selection of the sampling procedure is
determined by the purpose of the inspection, the food
product, the test method, and the characteristics of the
population. Increasing the sample size will generally
increase the reliability of the analytical results and
using ¢-test techniques will optimize the sample size
necessary to obtain reliable data. Multiple sampling
techniques also can be used to minimize the number of

samples to be analyzed. Sampling is a vital process, as
it is often the most variable step in the entire analytical
procedure.

Sampling may be for attributes or variables. Attrib-
utes are monitored for their presence or absence,
whereas variables are quantified on a continuous scale.
Sampling plans are developed for either attributes or
variables and may be single, double, or multiple. Mul-
tiple sampling plans reduce costs by rejecting low-
quality lots or accepting high-quality lots quickly,
while intermediate quality lots require further sam-
pling. There is no sampling plan that is risk free. The
consumer risk is the probability of accepting a poor
quality product, while the vendor risk is the probabil-
ity of rejecting an acceptable product. An acceptable
probability of risk depends on the seriousness of a neg-
ative consequence.

Sampling plans are determined by whether the
population is homogeneous or heterogeneous. Al-
though sampling from a homogeneous population is
simple, it rarely is found in practical industrial situa-
Hions. Sampling from heterogeneous populations is
most common and suitable sampling plans must be
used to obtain a representative sample. Sampling
methods may be manual or continuous. Ideally, the
sampling method should be statistically sound. How-
ever, nonprobability sampling is sometimes unavoid-
able, even though there is not an equal probability that
each member of the population will be selected due to
the bias of the person sampling. Probability sampling
is preferred because it ensures random sampling and is
a statistically sound method that allows calculation of
sampling error and the probability of any item of the
population being included in the sample.

Each sample must be clearly marked for identifica-
tion and preserved during storage until completion of
the analysis. Official and legal samples must be sealed
and a chain of custody maintained and identified.
Often, only a portion of the sample is used for analysis
and sample size reduction must ensure that the portion
analyzed is representative of both the sample and pop-
ulation. Sample preparation and storage should
account for factors that may cause sample changes.
Samples can be preserved by limiting enzyme activity,
preventing lipid oxidation, and inhibiting microbial
growth/contamination.

5.6 STUDY QUESTIONS

1. As part of your job as supervisor in a quality assurance
_laboratory, you need to give a new employee instruction
regarding ¢hoosing a sampling plan. Which general fac-
tors would you discuss with the new employee? Distin-
guish between s§mpling for attributes versus sampling
for variables. Differentiate the three basic sampling plans
and the nsks associated with selecting a plan.
2. Your supervisor wants you to develop and implement a
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multiple sampling plan. What would’ you take into

account to define the acceptance’and rejection lines? Why?

- Distinguish nonprobability sampling from probability

sampling. Which is preferable and why?

- (a) Identify a piece of equipment that would be useful in
collecting a representative sample for analysis. Describe
precautions to be taken to ensure a representative sample
is taken and a suitable food product that could be sampled
with this device. (b) Identify a piece of equipment that
would be useful for preparing a sample for analysis. What

precautions should be taken to ensure the sample compo-

sition is not changed during preparation?

. Foreach of the problems identified below that can be asso-
ciated with collection and preparation of samples, state
one solution for how the problem can be overcome:

a. Sample bias

b. Change in composition during storage of sample prior

to analysis .

¢. Metal contamination in grinding

d. Microbial growth during storage of product prior to

analysis

- The instructions you are following for cereal protein
analysis specify grinding a cereal sample to 10 mesh

before you remove protein by a series of solvent extrac-
tions.

a, What does 10 mesh mean?

b. Would you question the use of a2 10 mesh sereen for this

analysis? Provide reasons for your answer.

- You are to coliect and prepare a sample of cereal produced
by your company for the analyses required to create a
standard nutritional label. Your product is considered
“low fat” and “high fiber” (see regulations for nutrient
claims, and FDA compliance procedures in Chapter 3).
What kind of sampling plan will vou use? Will you do
attribute or variable sampling? What are the risks associ-

. ated with sampling in your specific case? Would you use
probability or nonprobability sampling, and which spe-
cfic type would you choose? What specific problems
would you anticipate in sample coilection and in prepara-
tion of the sample? How would you avoid or minimize
each of thesc problems?
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6.1 COMPUTERS FOR DATA ACQUISITION

The promise of computers, robotics, and automation is
to relieve the scientist from tedious and undesirable
tasks. These might include the three Ds—dirty, dull,
and dangerous—to say nothing of demeaning and
debilitating. Apart from the need for computers to do
repetitive tasks quickly and efficiently, many tasks
can be accomplished with great speed, accuracy, and
precision. At present the food scientist can be almost
overwhelmed in terms of the choices available for lab-
oratory needs. There is a modern bromide about com-
puters, termed the “18-month rule.” This refers to the
past decade’s observation that within 18 months, vir-
tually all computers and their software will become
obsolete, or at least no longer state-of-the-art. The
authors of this chapter are painfully aware of this phe-
nomenon and thus will strive to stay with broad-based
concepts that encompass a few turns of the 18-month
rule, :

6.1.1 Historical Overview

The advent of modem computers in the food scientist’s
laboratory has been made possible by rapidly decreas-
ing costs of computer hardware packaged in smaller
physical size, but with ever increasing computational
power. Vendors of analytical equipment such as spec-
trophotometers, gas chromatographs (GCs), or robotic
autosamplers, among many others, have incorporated
microprocessors in most modern instrumentation and
robotics systems. Vendors usually supply a system as a
ready-to-use or turnkey product. Often vendors make
available optional interfaces to attach to computers for
customized needs in the laboratory. An example of
such a system might be a GC system in which a micro-
processor monitors and controls operations of the GC
and then sends a filtered and conditioned signal to a
recording device. Typically, this is in the form of a
recording integrator, in which the chromatographic
peaks are integrated by another dedicated micro-
processor and a tracing of the chromatogram is pro-
vided along with a printed copy of integrated peak
areas. The user often has very little optional, direct con-
trol of such a system unless further connection and
interfacing with a separate computer are possible and
desirable.

A further step upward in data acquisition is larger
computer systems that provide a chemical worksta-
tion, These can provide computer control and acquisi-
tion of data from multiple instruments, often simulta-
neously. However the turnkey systems can be very
costly and more than is needed for a specific assay.

If the user finds that the turnkey product or chem-
ical workstation choices are unacceptable for specific

needs, then it may be necessary to design a dedicated
computer for customized use in the laboratory. In con-
trast to the dedicated tumkey environment described
previously, the next step in automation is to make con-
nection directly to the experiment with a laboratory
computer. This often is desirable for long-term storage
of data and further treatment of experimental data. An -
example would be to interface 2 computer to a GC and
integrator. The GC and integrator each contain their
own microprocessors. However, the computer controls
each of these dedicated instruments and captures the
GC signal along with the resuits of the integrator’s cal-
culations of retention times and peak areas. An exam-
ple is shown in Fig. 6-1 of experimental results from
such an experimental configuration that was used to
capture all relevant data for GC analyses of tomato
headspace volatiles. Advantages of such a system
include a lower cost of operation, along with perma-
nent long-term and easily retrievable data for both the
signal and the integrator report. In addition, the signal
can be regraphed with differing amplitudes in a cus-
tomized form by a graphics program such as Igor™,
from which Fig. 6-1 was taken.

6.1.2 Hardware Requirements

6.1.2.1 Computers

Choices of computers for the laboratory can be over-
whelming. Computers for laboratories first became
available in the 1970s largely through minicomputer
products from Digital Equipment Corporation {DEC).
In the mid-1980s [BM PC microcomputers became
widely available, espedally with the introduction of
low-cost clones that now dominate the marketplace in
the 1990s. Apple Macintosh® computers have value for
educational institutions because of flexibility with
some applications and ease of use. Choice of comput-
ers should be based on the food scientist’s experimen-
tal needs, such as the type of direct connections or
interfacing necessary to monitor and control instru-
ments or experiments in the laboratory.

6.1.2.2 Transducers

If an analytical apparatus is not directly computer com-
patible, it is necessary to use the correct transducer to
produce an electrical signal for each physical parameter
to be measured. For example, to measure temperature,
thermocouples are often employed. The resulting thee-
mocouple electrical signals need to be amplified, fil-
tered, and conditioned to provide a reproducible and
stable electrical signal. Fortunately, to find an appropri-
ate transducer the food scientist can consult a number
of vendors who'merely need a description of the exper-
imental requirerments. :
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exchange protocol termed either [EEE-488 or GPIB
requires a separate interface card. This latter protocol
has been adapted for thousands of instruments, and
many computer programs have been written to accom-
modate this standard protocol, independent of specific
computers or instruments.

Often, the microcomputers themselves are inter-
faced together and can thus acquire and transmit data
simultaneously. The use of local area networks {LANSs)
is becoming comumon. The use of LANSs within labora-
tory information management systems (LIMS) is dis-
cussed in section 6.3.3.1.

6.1.3 Software Requirements
6.1.3.1 Real-Time and Post-Run

If computers are used to analyze data after the physical
or chemical measurements are completed, the analysis
is said to be post-run. This is 2 common application of
computers; the data are either typed by hand, input
through a digitizing tablet, or perhaps entered in
graphic form from a commerdial scanner/digitizer. No
matter what the form of data entry, the scientist must
be vigilant to monitor errors during the process. (Esti-
mates of typed error rates are commonly given as from
3% to 15%.)

A compelling reason for directly interfacing a com-
puter to an instrument or experimental apparatus is to
reduce such data recording errors. Ideally, a computer
is able to input the data immediately and at the same
time as it is acquired experimentally; this is termed
real-time data acquisition. Since the data ultimately
must be transmitted in digital form as bytes or words
of information, the rate at which computers can do
real-time acquisition may be limiting to the experi-
ment; however, it is not uncommon to acquire data
points at rates of 500 kHz or more in instruments such
as those used for resonance imaging (see Chapter 30).

6.1.3.2 Interface Hardware and Drivers

The data can arrive at the computer interface in differ-
ent formats and need to be converted into an appropri-
ate form for further use and storage. Incoming data
may be binary, binary coded decimal (BCD), American
Standard for Information Interchange (ASCTI), or Gray

code, among others. Interface cards can do required

conversions directly or otherwise transmit the data for
further handling and storage by software in the com-
puter.

Drivers are specialized software programs that
provide the link between the hardware interface and
more advanced software or programs that handle,
manipulate, display, and store the data. Driver pro-
grams are designed to provide the most efficient data

exchange possible and at the highest possible speed.
They are the first link between the hardware and com-
puter software. Drivers are writter in the most concise
computer code possible (assembly or machine lan-
guage) and are not usually changed or reprogrammed
by users of the driver who wish only to link their more
sophisticated programs to the driver.

Many software vendors can provide the laboratory
scientist with the software and drivers necessary for
their experiments. A cursory search of the Internet will
return virtually thousands of vendors. For customized
needs, National Instruments Corp. provides state-of-
the-art programs, LabVIEW™ and LabWINDOWS™,
for most lab computer platforms. These products have
used a development environment in which the user
designs a customized interface to the experiment using
graphical icons that simply describe the needs of the
interface. This builds a virtual instrument for testing
and refirtement. Then an interface/driver icon is sim-
ply inserted into the program that attaches the drivers
to interface cards and instrument. The difficult com-
puter prograrmuning is transparent. An example of a
LabVIEW program application is shown in Fig. 6-2; it
shows the computer saeen display for the interface
and controller of an oxygen electrode apparatus used
to measure oxygen uptake during accelerated lipid oxi-
dation experiments. {This was such a specialized appa-
ratus and experimental protocol that no vendor-sup-
plied software existed). The user simply clicks a mouse
pointer on the appropriate controls to change settings,
and instantly the entire experiment is under computer
control. Graphical results and calculations are dis-
played in real-time and data are stored simultaneously
for archive purposes.

6.1.3.3 Integration into Software Programs

Directly incoming (real-time} data or stored data need
to be treated with software programs. The use of once-
formidable programming languages such as Basic, For-
tran, Pascal, C, or C++ is no longer the rule for analyz-
ing data with software. Many specialized programs for
handling data exist that do not require extensive pro-
gramming skills. The concept and development of
user-friendly programs have taken the laboratory com-
puter to new levels of ease of use.

6.1.4 Ergonomics and Economics

The modern computer system can be purchased as part
of packaged commercial instruments and apparatus.
When commercial products do not meet the exact
needs of the food scientist, easily adaptable computer
systems and programs are available that need not be
intimidating to the nonprogrammer of computers. The
products discussed previously, along with a myriad
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If the transducer produces an analog electrical sig-
nal, this signal must be converted to 2 digital form to be
appropriate input for modern digital computers. Mod-
ern analog-to-digital converters (ADCs) are available
in convenient form as boards or cards that merely necd
be inserted into the backplane or bus slots on most
computers, Often, a single multipurpose interface ¢a:r<
will serve all the experimental nceds of an analytical
laboratory; however, appropriate software must be
available to use it effectivelv.

Lavout of three chromatograms produced by the graphics program Igor™ that displays three different signal

6.1.2.3 Interfaces with the Computer

If an instrument or experiment’s transducers already
provide a digitized signol, interfacing can be accom-
plished directly through a serial port provided on most
cemputers. The exact protocol for sending and receiv-
ing thus digital information needs to be defined, and
thete exist many protocols for the lab computer. The
protocols defined as ELA RS-232¢ and R$-423 are com-
meon for IBAM and Macintogh computers. Another data
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others, offer easy to use products with graphical and
visually aesthetic programs. Ultimately, the promise of
error-free data acquisition and the speed of computers
make the use of computers in the laboratory very cost
effective and can free the food analyst for other tasks.
More importantly, it is becoming more common that
analytical laborateries are required to be certified as
compliant with government and agency standards for
their analyses. Computerized and automated analyti-
cal information that provides crror-free data with certi-
fied audit-trail secunity will become commonplace.

6.2 COMPUTERS FOR DATA ANALYSIS
AND DISPLAY

The power of computers has become availabie in sur-
prisingly small physical packages that engender
tremendous calculation power. Important uses of labo-
ratory computers include computations, graphics, and
database management.

For calculations and computational needs, the use
of spreadsheet programs can serve most needs of the

S e T ) i (e O T S e ARb e

A grayscale screen capture of a full-color LabVIEW ™ interface to an oxvgen electrode experimental apparatus. The
experimental parameters are set directly from this screen display. The results and calculations are displaved, ax
shown, in real-time. Results of up to six experiments are displaved in separate colors on the computer dispiay.

food scientist. Popular spreadsheet programs such as
Microsoft Excel contain virtually all the scientifiz func-
tions needed for most physical and chemical analvses.
The food scientist needs very little computer program-
ming expertise to create custom applications {rom
spreadsheet programs that handle all needed calcula-
tions and formatting for reports.

I a picture is worth a thousand werds, the use
graphics is one of the most valued reasons for the focd
scicniist to use computers in the Iaboratery, Froos the
graphing of experimental results to programs that
draw chemical structures for reports, specialized pro-
grams abound. Most spreadsheets also have Jimitedd
graphing capabilities, but thev may not be totallv ade-
quate. For example, results of an enzyme assay couid
easily be calculated and displaved from a spreadsheet
program. However, as an alternate method, o specific
product writlen Jor enzyme experiments, such as
EnzymeKinetics™ for the Macintosh, instantaneously
can do required calculations and print graphs such as
shown in Fig. 6-3.

Mary inore sophisticated graphics programs,
beyvond the capabilities of sareadsheets and suitable
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Graphical presentation of calculations from the
EnzymeKinetics™ program.

for scientists, are available. One such example (and at
the moment available only on Macintosh) is Igor™,
which carries graphics and other functions far beyond
the most sophisticated spreadsheet programs. Calcula-
tions and graphics for extremely large and extensive
data sets are especially easily handled with the Igor™
program in forms designed for scientists, as opposed to
the business-oriented applications of many graphics
programs. Fourier transformations, curve 'ﬁtting, data
smoothing, and plotting of multiple data sets are all
quickly accomplished by clicking on appropriate pull-
down menus. It also can be directly interfaced to
instruments and other programs and databases. The

" GC graph or chromatogram shown in Fig. 6-1 is an
example of a plot of over 32,000 data points.

Database management can be accomplished effi-
ciently with many programs for the lab computer.
Because of the needs of the business environment,
many popular database programs are available with
varying capabilities from flat to relational databases.
Database management programs also are bundled into
laberatory information management systems (LIMS),
as described in section 6.3.3.1. Statistical calculations
are accomplished easily in spreadsheets for all but the
most sophisticated applications. For the more demand-
ing statistical needs, commercial programs bring the
traditional mainframe computer power of programs
such as SAS, MINITAB, and MATLAB to the labora-
tory microcomputer.

6.3 COMPUTERS FOR AUTOMATION
AND ROBOTICS

An ever-increasing analytical sample load and the
need for improved quality of information will require
solutions that are highly productive and cost effective.
The food laboratory of the future will be a highly inte-

grated, information-intensive domain that will com-
bine sophisticated analytical techniques with auto-
mated robotic procedures.

Advancements of computer technology in both
hardware and software have made a considerable
impact in the way laboratory procedures are per-
formed today. The usefulness of the computer in the
laboratory has been extended not only to include the
acquisition and processing of analytical data, but in
many cases, it has helped to replace the physical work
of sample preparation as well.

6.3.1 Laboratory Automation

The analytical food scientist of today is faced with
ever-increasing quantities of samples, tests, and test
replicates required to complete a desired experiment.
Specialized tools are needed to overcome the mundane
and repetitive tasks that often confront the food scien-
tist. To help meet these needs, analytical instrument
makers were challenged by the task of converting sim-
ple analytical tools into sophisticated computer-driven

.analytical data stations.

6.3.1.1 Analytical Methods

Automation opportunities were created by industries
in which the demand for high sample throughput pro-
vided the economic justification to purchase or build
special instrumentation that met the demand. The
areas of industry that had the most to gain by labora-
tory automation included industrial quality control.

Steel mills, for instance, required fast and accurate
analysis of the molten steel before it was poured into
ingots. Without automated multielement analyzers, a
proper assay of the metal would take several hours
instead of seconds to perform.

Medical and pharmaceutical testing laboratories
quickly caught on to laboratory automation. Obtaining
fast and accurate results from a hospital’s medical lab-
oratory are important, and much of today’s medical
laboratory instrumentation is geared for multiple test-
ing of biologicals with emphasis on data system inte-

ation.

The analytical methods that were commonly
automated included spectrometry [ultraviolet-visible,
atomic absorption spectroscopy (AAS), inductively
coupled plasma-atomic emission spectroscopy (ICP-
AES) (see Chapters 26 and 28)] and chromatography
(see Chapters 31-33), in which much of the automation
simply meant introducing a large number of prepared
samples to the instrumnent.

6.3.1.2 Instrument Interfaces

The introduction of the computer to analytical instru-
mentation has changed forever the way the analytical
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chermist approaches the bench. In many cases, much of
the tine-consuming sample preparation and measure-
ment is performed by a machine under the control of a
computer.

The most basic instrument interfaces are sample
delivery systems or autosamplers that eliminate the
repetitive work required to introduce a large number
of samples. Usually there is some preparation work to
be done before analysis. After groups of samples are
arranged in a logical order, the analysis of each sample
can be allowed to continue without the analyst’s inter-
vention. Complete analytical computer systems have
been linked to these delivery systems so that once the
samples are added to a sample tray or carousel, the sys-
tem automatically performs the analysis. Optons for
data reduction and report generation also can be in-
cluded. A
An example of an automated analytical system is
shown in Fig. 6-4. The analytical instrument is a gas
chromatograph equipped with a multiple sample
carousel. The instrument can select each sample from
the carousel, inject it into the column, and run the chro-
matogram for a specified time. The computer interface
is installed on the instrument to interpret chromato-
graphic peak information (data reduction} and enter
this information in a database for reporting purposes.

Automation systems such as the one in Fig. 6~4 are
available for many analytical techniques including
high performance liquid chromatography (HPLC),
AAS, and ICP-AES. Somewhat more advanced instru-
ment interfaces may include an additional step prior to
analvsis. One such device, known as an autoanalyzer,
utlizes spectrophotometric analvsis of liquid samples
that are pumped through a special flow cell. Before the
liquid reaches the cell, the flowing liguid sample cznbe
subjected to various preparation steps, inciuding the
introcuction of specific reagents witiun the stream.

6.3.2 Laboratory Robotics

Althcugh the automation tools available to the analyt-
ical chemist have reduced some of the manual labor,
many cuditional methads, especizally in the food indus-
try, requize far more manual preparation steps that are
not perfermed by any of today’s anzlytical instrumen-
tation. As advances in technologies continue into the
twenty-first century, there is a clear need to automate
entire procedures and give the scientist more time to
continue the thinking part of the anzalvtical procedure.

There are three steps in an analytical method that

follows these stepsin this order: (1) prepare the samiic.
(2) analyze the sample, and (3) reduce and report i
data. In the early days of lzboratory automaion, i
third step was automated first. In time, the second stoy

Nt Fet

involving automated analyticzl equipment bocame
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more sophisticated, and direct linkage between analy-
sis and data reduction in one instrument became a real-
ity. Finally, when analysis and data reduction are com-
pletely automated, the next logical step will be to
automate sample preparation. As more sample prepa-
ration and analysis techniques become fully auto-
mated, more emphasis can be focused on the decision-
making process.

6.3.2.1 Early Development

A laboratory robot is defined as a programmatic
manipulator that is an extension of the capabilities pres-
ent in laboratory autosamplers and autoanalyzers. It
adds versatility because it can be programmed tc per-
form a number of preparation steps overa range of sam-
ples and methods. A more generic class of autosampiors
was introduced to perform a wider range of mctheid.
but until that time, none of these systems could have
been called a robot.

One of the first commercially successful labaratery
robotic systems was introduced in the mid-1970s. The
robot was specifically designed for the laboratory, va-
lized a modular system for building laboratory meth-
ods, and used a robot program language designed witn
the chiermust in mund. This medular approach to l:bora-
tory robotics was important to the success of these early
systeme beczine it simplified the task of operating a
robotin the 172 r2tame Many scientists found that they
could easily undeartand the complexities of automation
when each func::;‘:\ wWas broken down into separate
procu.iures or medules that could be linked together to
formian entire futomation sequence. Other robotic sys-
tems feiowed, and many laboratories designed their
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own specific automation requirements around one or
more of the commercially available robot arms.

6.3.2.2 Mechanical Considerations

An increased use of laboratory robotics over the past 20
years is unquestionably the result of the advancement
of the integrated circuit (IC) or microchip. The major
IC advances have flourished not only in the function of
the central processing units, or computers on a chip,
but also for other IC devices. Many kinds of sophisti-
cated integrated circuits have been introduced to aid in
getting the computer to do physical labor.
Unfortunately, the advancement of mechanical
robotic technology has not kept pace with that of the
computer. Many of the robotic arm mechanisms on the
market stll utilize the electromechanical technology
that was common over 50 years ago. Smaller and more
powerful drive mechanisms need to be developed for
robot arms. Also, robots need to be more aware, as it

were, of their surroundings; robot sensors have to be
more advanced in order for the robot to move about in

the real world.

6.3.2.2.1 Robotic Drive Mechanisms The drive
method behind the laboratory robot arm is an impor-
tant factor in choosing a specific robot application. The
four main drive methods currently available are hy-
draulic, pneumatic, DC electric motor, and electric
stepping motor drives.

Hydraulic and pneumatic drives are seldom used
in analytical laboratories and are used primarily in
large industrial applications in which heavy lifting or
explosive atmospheres are factors. The two remaining
methods are the drives that make up virtually all of the
laboratory robots in use today and are based on electric
motor drive technology.

DC electric motors are particularly well known
motor drive mechanisms. They are feedback loop con-
trolled motors that have exceptionally high torque-to-
volume ratios that make them ideal for use in robot
wrist and fAnger mechanisms. Many small drive sys-
tems of this type are used to drive the pen in the famil-
iar laboratory strip chart recorders; larger versions
now are being used to move robot arms for automated
chemical analysis.

Electric stepper motors have several advantages
over DC motors; they are inexpensive and do not
require costly feedback loop control hardware. Their
low torque-to-volume ratio makes them less desirable
for small- and medium-size robot applications, but
these motors are ideal for driving positioning tables
and gantries as part of the automation system.

6.3.3.2.2 Sensors A robot that does not know where
itis going in a laboratory will have trouble performing
an analysis. Sensors of various types must tell the robot
system the obvious: Is the hand open or closed? Is the
arm near the balance? Is the test tube rack full or
empty?

Position sensors are the most basic of the robotic
sensors. All robotic systems have some means of deter-
mining where one part of the robot is relative to the
other robot parts. This position information, although
helpful, still does not give an adequate picture of the
outside world; additional sensor information is neces-
sary to help guide the robot through its motions.

True robotic vision is not yet perfected, so the robot
must “see” using other means. Force detection and
proximity switch activation, for example, can give a
sense of touch to the robot. Sensors determine the posi-
tion of the robot and the position of the items around it,
but it also is necessary to incorporate sensors that will
recognize failed attempts during certain critical activi-
ties. Common questions such as, Did the robot add
enough solvent? or Is the tube placed properly in the
centrifuge? can be answered with the use of sensors.
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6.3.2.3 Laboratory Devices.

The laboratory robot is not a substitute for a laboratory
scientist. It is merely a tool to help the scientist be more
productive. Like any sophisticated tool, a robot must
have a built-in relationship with its surroundings. One
cannot simply install a robot arm onto a laboratory
bench and expect it to perform its job using laboratory
equipment and methods that were designed for
humans to use. This laboratory equipment or labora-
tory device must be manufactured specifically for
automation purposes.

An example of a laboratory device is an analytical
balance with automated doors that open when the
robot is ready to weigh a sample. Laboratory devices
also include laboratory glassware and disposables that
the robots must use. It is important that the glassware
and disposables are absolutely free of defects and are
made to exacting tolerances. The robot may not be able
to detect a cracked tube or a poorly molded pipette tip,
so it is important that these items are properly made
and easy for the robot to use.

6.3.2.4 Applications

Robots have successfully found their way into the food
analysis laboratory. The applications are few, but much
attention has been placed on a number of methods that
have been duplicated in several focd laboratories,
including vitamin, sugars, fiber, and fat analyvses. In
addition to these applications, many preanalysis sam-
ple preparation robots routinely prepare samples for
analysis by GC, HPLC, and ICP-AES.

The early laboratory robot systems were designed
to interact with a number of instruments so that it
would be possible to use the same robot to perform a
number of different laboratory tasks. A large robot
bench populated with laboratory devices (see Fig. 6-6}
would be able to prepare samples for several different
HPLC methods by selecting the proper software pro-
gram. Other systems, such zs the ICP preparation robot
(Fig. 6-7), were used Lo prepare samples for acid diges-
tion and wash glassware while the samples were
digested.

In recent years, many of the large laboratory robot
systems that featurcd articulated robotic arms such as
the ones shown in Fig. 6-6 and 6-7 have been replaced
by smaller automated workstations. These worksta-
tions have been gaining in popularity due to their
smaller size and proportionately smaller price tags.

Figure 6-8 is an example of an automated worksta-
tion that simply weighs small sample containers. The
sample position and weight information are stored cn
a computer. More complicated workstations such as
the chromatographic workstation in Fig. 6-¢ can com-
bine a number of steps such as reagent addition and

mixing and can identify samples by utilizing bar code
technology.

6.3.3 Systems Integration

Systems integration means taking all the pieces of the
automated laboratory and linking them together so
that they work like one large smoothly running
machine. A fully integrated laboratory is able to access
incoming samples, determine the appropriate action,
and follow through with timely and accurate analytical
data.

6.3.3.1 Laboratory Information Management

Food laboratories must keep track of incoming sam-
ples and be able to store the analytical data in a way
that is easy to access at a later date. This analytical
information is stored on a laboratory information
management system, or LIMS, which is a database
program that is available on any size computer
depending on the number of samples and number of
users of the system.

The LDMS can be accessed by the user community
or those involved with the analytical laboratory in
some way, so that the exchange of information is rapid
and efficient. Analysts can check the LIMS to see what
kind of work is required on the samples. Clients can
check the LIMS to review the analytical results. Admin-
istrators can check the LIMS to see how many samples
pass through the laboratory.

From a systems integration standpoint, the LIMS
computer and the automated system computers can be
linked together to form an integrated analvtical sys-
tem. Many laboratories have extended their local zrez
networks (LANs) even further by connecting tiiem
with other local networks within the company to form
an intranet network. Using this intranet, scientists
throughout the company can access analytical data via
a common web browser without having to run 2 scpa-
rate database program. The result of this integration
not only refines data handling but also extends the
capabilities of Jaboratory information management by
making it easy to access by larger groups of people.

6.3.3.2 Artificial Intelligence and
Expert Systems

The vast power available from computer technology
has helped bring forth a new age in programming
capability. One area that has received a great deal of
interest recently is Al, or artificial intelligence, and its
more apgpiication-criented sibling, expert systems.
Expert syslems involve gaining experience in a
specific arca of knowledge. From this base of knowl-
edge can be formed @ method for properly coordinat-
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A robot arm used for acid digestion of samples prior to analysis by inductively coupled plasma-atomic emission
spectroscopy (ICP-AES).
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ing and selectirig bits and pieces of this knowledge.
When a particular problem needs to be solved, the
expert system can rely on this knowledge to help pro-

vide a solution.

The use of expert systems with laboratory automa-
tion, especially robotics, takes the power of the com-
puter one step further. Instead of merely controlling a
robot or automated analyzer under a rigid progra
regimen, the expert sysiem has the ability to niodi
the activity of the system. The ans:edgc that the

xpert system would use may Qimp ivbea I st'of m:les
for chc—d\mg the ty pLH m analytical samples with av
able methods to h()l'.‘ wedule the best w 2y to rut
eral analyvses. Another pwsxbl:. knowledge Lase couid
help evaluate robotic sense inputs to dc.LJr,, i pose
accurate picture of the world around it. As the range of
applications for LIMS and laboratory autami..

. Mundelein, IL.)

increases the role of the expert system will become
more evident.

6.4 SUMMARY

Significant progress has been made through the use of
computers and zuiomation over the last 20 years. This
chapter details seme of these recent advances in the
food sciences with new applications for data acquisi-
tion and control as well as new laboratory robotics
Examrples are gnf;"l for several anal‘,m"' methods
used in food laboratories. The backgroun and use of
Iaborat'-r‘_' robotics are covered, with emphasis on sys-
tems integration and future trends in enhanced data
managenment.

Most modem laboratorv instrumentation is manu-
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factured with digital data-handling capabilities of
some form. If an instrument is “computer compatible,”
the scientist possibly may need to acquire interfacing
hardware, drivers, and software to capture and process
the data. If a vendor does supply all these components,
the chemist must find or develop the software to effec-
tively interface or “computerize” the instrument.

6.5 STUDY QUESTIONS

1. Some advantages of automated data acquisition by com-
puter might include less chance of errors in recording
results, greater reproducibility of measurements, possibil-
ity for operations unattended by technician, ease in
obtaining permanent records, ease in treating data with
graphics, and utilization of report-generating programs.
List others that would be of importance to you.

. Some disadvantages of automated data acquisition by
computer might include loss of understanding of the
process when it is treated as a black box and the fact that
reliance on a computer-controlled protocel may not facili-
tate insight into limitations of the information obtained.
List others that would be of importance to you.

3. A vendor has just sold you a new automated balance. It
has a built in RS-232c port and is claimed to ke computer
compatible. ¥What additional items might be required to
have a computer automate a series of weighings?

4. You read a report generated by a new computer-con-

trolled infrared analyzer. The result you are checking

shows “Fat content =43.7146%.” What are some potential
limitations to this result? [s it wise to believe, without
question, results printed by a computer?

Differentiate berween the concepts of real-time and post-

run data acquisition and analysis.

5]

[¥]]

Chromatographic preparation workstation utilizing X-Y-Z manipulators. (Courtesy of Bohdan Automation,

6. Suggestalternative steps for automating a robotic method
for titratable acidity. List the laboratory devices required
to perform the method and then suggest possible modifi-
cations to each device (e.g., specialized glassware) that
would increase the efficiency of the automated method.

7. Review some analvtical methods that would be good can-
didates for robotic automation. Give specific reasons for
each; include human and environmental factors.

3. A large analvtcal laboratory will generally have a LIMS,
or laboratory information management system, to store
and recover analytical data. What other functions would
be desirable in a food laboratory LIMS?
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7.1 INTRODUCTION

There are two interrelated concepts in food analysis that
deal with acidity: pH and titratable acidity. Each of
these quantities are analytically determined in separate
ways and each has its own particular impact on food
quality. Titratable acidity deals with measurement of
the total acid concentration contained within a food.
This quantity is determined by exhaustive titration of
intrinsic acids with a standard base. Titratable acidity is
a better predictor of an acid’s impact on flavor than pH.

Total acidity does not tell the full story, however.
Foods establish elaborate buffering systems that dic-
tate how hydrogen ions (H*), the fundamental unit of
acidity, are expressed. Even in the absence of buffering,
tess than 3% of any food acid is ionized into H* and its
anionjc parent species (its conjugate base). This per-
centage is further suppressed by buffering. In aqueous
solution, hydrogen ions combine with water to form
hydronium ions, H;O". The ability of a microorganism
to grow in a specific food is an important example of a
process that is more dependent on hydronium ion con-
centration than titratable acidity. The need to quantify
only the free H;O" concentration leads to the second
major concept of acidity, that of pH. In nature, the H;O"
concentration can span a range of 14 orders of magni-
tudes. The term pH is a mathematical shorthand for
expressing this broad continuum of H;O™ concentra-
tion in a concise and convenjent notation. In contem-
porary food analysis, pH is usually determined instru-
mentally with a pH meter; however, chemical pH
indicators also exist.

7.2 CALCULATION AND CONVERSION FOR
NEUTRALIZATION REACTIONS

7.2.1 Concentration Units

This chapter deals with the theory and practical appli-
cation of titratable acidity calculation and pH determi-
nation. To quantitatively measure components of foods,
solutions must be prepared to accurate concentrations
and diluted into the desired working range.

The terms used for concentration in food analysis
should be reviewed. The most common concentration
terms are given in Table 7-1. Molarity and normality
are the most common SI (International Scientific) terms
used in food analysis, but selutions also can be
expressed as percentages. It is important that the ana-
lyst be able to convert between both systems.

Molarity (M) is a concentration unit representing
the number of males of the solute per liter of solution.
Normality (N) is a concentration unit representing the
number of equivalents (Eq) of a solute per liter of solu-
tion. In acid and base solutions, the normality repre-
sents the concentration or moles of H* or OH" per liter
that will be exchanged in a neutralization reaction

when taken to completion. For oxidation~reduction
reagents, the normality represents the concentration or
moles of electrons per liter to be exchanged when the
reaction is taken to completion. The following are some
examples of molarity versus normality (equivalents):

Acid-Base Reactions
LM H:50, = 2N H\30, 2 equivalents of H*
per mole of acid
1 equivalent of OH~
per mole of base
1 equivalent of H*
per mole of acid
2 equivalents of H*
per mole of acid

1 M NaOH =1 N NaOH
1 M CH;COOH =1 N acetic acid

1M H,C,H,0; = 2 N malic acid

Oxidation-Reduction Reactions
e.g.
HSO; + I, + H.O = SO+ + 2I" + 3H*

1M1, =2 Niodine 2 equivalents of electrons
gained per mole of I,

2 equivalents of electrons
lost per mole of bisul-

fite

1 M HSO;™ = 2 N bisulfite

Many analytical determinations in food analysis
use the concept of equivalents to measure the amount
of an unknown. Perhaps the most familiar of these are
acid-base reactions in which hydrogen ions are ex-
changed and can be quantified through stoichiometric
neutralization with a standard base. Acid-base reac-
tions are used to determine nitrogen in the Kjeldahl pro-
tein determination (see Chapter 15), benzoic acid in
sodas, and in determining percent titratable acidity. The
concept of equivalents also is used in oxidation-reduc-
tion problems to quantify unknown analytes that are
capable of direct electron transfer (see Chapter 10).

Equivalent weight can be defined as the molecular
weight divided by the number of equivalents in the
reactions. For example, the molecular weight of H,SO,
is 98.08 g. Since there are 2 equivalents per mole of
H,S0,, the equivalent weight of H,SO, is 49.04 g. Table
7-2 provides a list of molecular and equivalent weights
for acids important in food analysis. In working with
normality and milliliters, the term milliequivalents
(mEq) is usually preferred. Milliequivalent weight is
the equivalent weight divided by 1000.

Percentage concentrations are the mass amount of
solute or analyte per 100 mi or 100 g of material. Per-

‘centage ¢an be expressed for solutions or for solids and

can be on a volume basis or mass basis. When the per-
centage becomes.a number less than 1%, parts per mil-
lion (ppm), parts per billion (ppb), and even parts per
trillion (ppt) usually are preferred. If percentage is
defined as the mass of the solute or analyte per mass (or
volume) of sample x 100, then ppm is simply the same
ratio of mass of solute per mass of sample x 1,000,000.
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7-1 _
| table | Concentralion Expressions Tewt

Unit ‘ Symbot Definition Rslationship

Molarity M Number of moles of soluté per liter of solution _ moles
liter
Normality N Numiier of equivalents of solute per liter of N = equivalents
' soiution , T liter
. Percent by weight {(partsper ~ wt%  Ratio of weight of solute 1o weight-of solute _ wisolute x 160
hundred) X, pius weight of solvent x 100 - total wt
wivol%  Ratio of weight of solute to total volume « 100 _ wisolute x 100
‘ ~  totat volume
Percent by volume vol% Ratio of volume of solute 1o totel volume vOl% = vol solute x 100
total volume
Parts per million ppm Ratio of solute {wt or vol) to total wi or vol _ _mg solute
x 1,000,000 PRM = 15 solution
_ g solute
~ g solution
.= mg solute
. liters solution
_ _nhg solute
~ ml solution
Parts per billion ppb Ratio of solute {wl or vol) 1o total wt or vol ng sclute
x 1.000.000,000 B PP = Tiers solution
_ ng solute
= ——-—kg
_ g solute
T oomi
_ 1g solute
g

lﬁ!!l Molecular ond Equivalent Weights of Common Food Acids

~ LChemicel Molecular  Equivalents  Equivalent
Acid , Form.ia Waight per Mole Weight.
Citric {anhydrous) HiCeHs O 192.12 3 64.04
Citric (hydrous) HaCeHgOy-H,0 210.14 3 70.05
Acetic HC.H,0, 60.06 1 60.05
Lactic HC,H 0O, 90.08 1 90.08
Malic H,CH,0¢ 134.09 2 67.05
Oxalic H,C,0, 80.04 2 45.02
Tartaric H,C.H.O, 150.09 2 75.05
Ascortic H,CeHeOk 176.12 2 88.06
Hydrochloric HC! 36.47 1 36.47
Sulluric H,S0, 98.08 2 49.04
Phosphoric H.PO, 98.00 3 32.67
Potassium acic phthalz'e KHC H.0, 204.22 1 204.22
7.2.2 Equation for Neutralization and Dilution thf- other reactant. This can be expressed mathemati-
c.liy as:

There are some general rules in evaluating equilibrium

reactions that are helpful in most situations. At full (ml of X) (N of X) = {ml of Y) (N of Y) (1)
neutralization the milliequivalents (:nEq) of one reac- _ o .
tant in the neutralization equals the milliequivalents of Euation [i] aiso can be used to solve dilutions prob-
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lems where X represents the stock solution and Y rep-
resents the working solution. When Equation 1] is
used for dilution problems, any value of concentration
(grams, moles, ppm, etc.) can be substituted for N.
Units should be recorded with each number. Cancella-
tion of units provides a quick check on proper setup of
the problem. (See practice problems 1-8 at the end of
Chapter 7.)

7.3 pH

7.3.1 Acid—-Base Equilibria

The Bonsted-Lowry theory of neutralization is based
upon the following definitions for acid and base:

Acid: A substance capable of danating protons. In
food systems the only significant proton donot
- is the hydrogen ion.
Base:  Asubstance capable of accepting protons.

Neutralization is the reaction of an acid with a base to
form a salt as shown below:

HC! + NaOH = NaCl + H,0 (2] |

Acids form hydrated protons called hydronium ions
(H,0*) and bases form hydroxide ions (OH") in aque-
ous sojutions:.

H,0*+ OH™ = 2H,0 (3]

At any temperature, the product of the molar con-
centrations (moles/liter) of H;O* and OH is a constant
referred to as the ion product constant for water (K,):

[H;0*] {OH'] =K, (4]

K,, varies with the temperature. For example, at 25°C,
K, =1.04 x 107 but at 100°C, K,, =582 x 107, ~

The above concept of K,, leads to the question of
what the concentrations of [H;0*] and [OH"] are in
pure water. Experimentation has revealed that the con-
centration of [H,0"] is approximately 1.0 x 107 M, as
is that of the [OH"] at 25°C. Because the concentrations
of these ions are equal, pure water is referred to as
being neutral.

Suppose that a drop of acid is added to pure water.

The {H,0"] concentration would increase. However,

K,, would remain constant (1.0 x 107%), revealing a
decrease in the [OH"] concentration. Conversely, if a
drop of base is added to pure water, the [H;0"] would
decrease while the [OH™] would increase, maintaining
the K,, at 1.0 x 107" at 25°C.

How did the termn pH derive from the above con-
siderations? In approaching the answer to this ques-
tion, one must observe the concentrations of {H;0%]
and [OH"] in various foods, as shown in Table 7-3. The

numerical values found in Table 7-3 for [H;0'] and
[OH"] are bulky and led a Swedish chemist, S.L.P
Sorensen, to develop the pH system in 1909.

pH is defined as the logarithm of the reciprocal of
the hydrogen ion concentration. It also may be defined
as the negative logarithm of the molar concentration of
hydrogen icns. Thus, a [H,0*] concentration of 1 x 107°
is expressed simply as pH 6. The {OH] concentration
is expressed as pOH and would be pOH 8 in this case,
as shown in Table 7.4.

While the use of pH notation is simpler from the
numerical standpoint, it is a confusing concept in the
minds of many students. One must remember that it
is a logarithmic value and that a change in one pH
unit is actually a 10-fold change in the concentration of
[H,0°]. (See practice problems 9-12 at the end of Chap-
ter 7)) -

Itis important to understand that pH and titratable
acidity are not the same. Strong acids such as
hydrochloric, sulfuric, and nitric acids are almost fully
dissociated at pH 1. Ondy a small percentage of food
acid molecules {citric, malic, acetic, tartaric, etc) disso-
ciate in solution. This point may be illustrated by com-
paring the pH of 0.1 N solutions of hydrochloric and
acetic acids.

HCl = H" +CI” [5]
CH,;COOH = H* + CH,COO~ [6]

The HCI fully dissociates in solution to produce a pH
of 1.02 at 25°C. By contrast, only about 1% of
CH,COOH is ionized at 25°C, producing a signifi-
cantly lower pH of 2.89. The calculation and signifi-
cance of partial dissociation on pH is presented in more
detail in section 7.4.1.1. '

7.3.2 pH Meter
7.3.2.1 Activity versus Concentration

In using pH electrodes, the concept of activity versus
concentration must be considered. Activity is a mea-
sure of expressed chemical reactivity, while concentra-
tion is a measure of all forms (free and bound) of ions
in solution. Due to interactions of ions between them-
selves and with the solvent, the effective concentration
or activity is, in general, lower than the actual concen-
tration, although activity and concentration tend to
approach each other at infinite dilution. Activity and
concentration are related by the following equation:

A=4C 7
where:

A= activity
4 = activity coefficient
C = concentration
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FEXIR\: Concentrations-of HyO* and OH" in Vorious
" table | Foodsaf-25°C

Food M) [OH ] K,
Cola 2.24 x 107° 4.66 x 10712 1x 1074
Grape juice 5.62 x 107 1.78x 107" 1x 107"
Sevenup 355x 107 282 x 107" 1%x10™"
Schlitz beer 7.95x 107 1,26 x 10710 1x 107"
Pure water 1.00% 107 1.00 x 1077 1x10°™
Tap water 4,78 x 107® 200 x 10°8 1x 107

7.94 x 1071 1.26x 10~ 1x 107"

Milk of magnesia

From {12), used with permission. Copyright 197 1 American Chemical Society.

"Moles per liter.

Calculating the pH of the cola:
Step 1. Substitute the [H*) into the pH equation:

pH = ~log [H7]
pH = Hog (2.24 x 107)

Step 2. Separate 2.24 x 107 into two parts; determine the logarithm of each part:

i0g 2.24 = 0.350
log 10%=-3

Step 3. Add the two logs together since adding logs is equivalent to multiplying the

two numbers:
0.350 + (-3) = 2.65

Step 4. Place the value into the pH equation:

pH = <-2.65)
pH = 2.65

| table | versus pOH at 25°C

YE-SB Relationship of (H*) versus pH and (OH)

[HT pH [OH] pOH
1x10 0 1x 107 14
107 1 1077 12
1072 2 10712 12
1073 3 1o 11
107 4 107" 16
103 5 107° 9
1078 6 1078 8
o ; i
10 6
107 9 10°° 5
10710 10 10~ 4
o 11 1072 3
10772 12 1072 2
1013 13 107 1
10714 14 10° o}

From (12). used with permission. Copyricht 1571 Amernican Chemi-

cal Society.

"Moles per liter. Note that the product of [H"}JJOH") is always 1 x

10-14'

Caiculation of [H"} of a beer with pH 4,30

Step 1. Substitule numbers into the pH eguat.an:
pH = -log [H*]
4,30 = ~log [H")
-4.30 = log [H°}

Step 2. Divide the -4.30 into two parts so tha: the frst o2&l conlaing

the decimal places and second part the wheo'e aumber
-4.30=070-5=1log [H")
Step 3. Find the antilogs:
antilog of 0.70 = 5.0
antilog of -5 = 10°%
Step 4. Multiply the two antilogs Lo get [H"}:
5% 105 = [H']
[H'] =8 x 105 M

The activity coefficient is a function of ionic
strength. Ionic strength is a function of the concen-
tration of, and the charge on, all ions in solution. Activ-
ity issues can become significant for hydronium ions
below pH 1 and for hydroxyl ions at pH 13 and
above.

7.3.2.2 General Principles

The pH meter is a good example of a potentiometer(a
device that measures voltage at infinitesimal current
flow). The basic principle of potentiometry (an clectro-

~ chemical method of voltammetry at zero current)

involves the use of an electrolytic cell composed of two
electrodes dipped into a test solution. A veltage devel-
ops, which is related to the ionic concentration of the
solution. Since the presence of current could alter the
concentration of surrounding ions or produce irre-
versible reactions, this voltage is measured under con-
ditions such that infinitesimal current (107'2 amperes or
less) is drawn. .

Four major parts of the pH system are needed: (1)
reference electrode, (2) indicator electrode (pH sensi-
tive), (3) voltmeter or amplifier that is capable of mea-
suring small voltage differences in a circuit of very high
resistance, and (4) the sample being analyzed (Fig. 7-1).

One notes that there are two electrodes involved in
the measurement. Each of these electrodes is designed
carefully to produce a constant, reproducible potential,
Therefore. in the absence of other ions, the potential
c:fference between the two electrodes is fixed and eas-
ily calculated. However, H;0* ions in solution con-
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Voltmeter
Glass Calomel
Indicator Reference
Electrode Elecoode
Hg:HgCl (Calomel)
""'/ Referenee Cell
)2
Eq
Ag:AgCl I /
| Reference s d
Buffer KQ
:@ _/ Solution 7 Solution
E,
E, E
Sample Under Test
7-1 The measuring circuit of the potentiometric system. E,; contact potential berween Ag:AgCl electrode and inner lig-

uid. E, is independent of pH of the test solution but is temperature dependent. E,;: potential developed at the pH-
sensitive glass membrane. E, varies with the pH of the test solution and also with temperature. In addition to this
potential the glass electrode also develops an asymmetry potential, which depends upon the composition and

shape of the glass membrane. It also changes as the electrode ages. E: diffusion potential between saturated KCl
solution and test sample. E, is essentially independent of the solution under test. £;: contact potential between
calomel portion of electrode and KCl salt bridge. E, is independent of the solution under test but is temperature

dependent. [From (3), used with permission.]

tribute a new potential across an ion-selective glass
membrane built into the indicating electrode. This
alters the potential difference between the two elec-
trodes in a way that is proportional to H,O" concentra-
tion. The new potential resulting from the combination
of all individual potentials is called the electrode
potential and is readily convertible into pH readings.
Hydrogen ion concentration (or more accurately,

activity) is determined by the voltage that develops -

between the two electrodes. The Nernst equation
relates the electrode response to the activity where:

. RT
E=E°+2303 1= log A 8]

where:

E = measured electrode potential
E° = standard electrode potential, a constant repre-

senting the sum of the individual potentials in
the system at a standard temperature, ion con-
centration, and electrode composition

R = universal gas constant, 8.313 joules/degree/g
mole wt

F = Faraday constant, 96,190 coulombs per g
equiv wt

T = absolute temperature (Kelvin)

N = number of charges on the ion

A = activity of the ion being measured

For monox’algnt ions (such as the hydronium ion)
at 25°C, the relationship of 2.303 RT/F is calculated to
be 0.0591, as follows:

2.303 x 8.316 x 298
96,490

Thus, voltage produced by the electrode system is a

= 0.0591 9]
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linear function of the pH, the electrode potential being
essentially + 59 millivolts (0.059 volts) for each change
of one pH unit. At neutrality (pH 7), the electrode po-
tential is zero millivolts. At pH 6, the electrode poten-

tal is +60 millivolts, while at pH 4, the electrode poten-

tial is +180 millivolts. Conversely, at pH 8, the electrode
potential is —60 millivol’s. :

It must be emphasized that the above relationship
between millivolts and pH exists only at 25°C, and
changes in temperature will erroneously alter the pH
reading. For example, at 0°C, the electrode potential is
54 millivolts, while at 100°C it is 70 millivolts. Modern
pH meters have a sensitive attentuator (temperature
compensator) built into them in order to account for
this effect of temperature.

7.3.2.3 Reference Electrode

The reference electrode is needed to complete the cir-
cuit in the pH system. This half cell is one of the most
troublesome parts of the pH meter. Problems in obtain-
ing pH measurements are often traced to a faulty refer-
ence electrode.

The saturated calomel clectrode (Fig. 7-1) is the
most common reference electrode. It is based upon the
following reversible reaction:

Hg,Cl+ 2™ = 2Hg+ 2CI” [10]

The E, e for the saturated KCl salt bridge is
+0.2444 volts versus a standard hvdrogen electrode;
the Nemnst equation for the reaction is as ‘ollows:

E = E4~0.059/2 log [CI7)? f11]

Thus, one observes that the potential is dependent
upon the chloride ion concentration, which is easily
regulated by the use of saturated KCl solution in the
electrode.

A crlomel reference clectrode has three principal
parts: (1} a platinum wire covered with a mixture of
calomel (Hg,Cly), (2) a filling solution (saturated KCl),
and (3) a permeable junction through which the filling
solution slowly migrates into the sample being mea-
sured. Junctions are made of ccramic or fibrous mater-
ial. These junctions tend to clog up, causing a slow,
unstable response and inaccurate results.

A less widely used reference electrode is the sil-
ver-silver chloride electrode. Because the calomel
electrode is unstable at high temperatures (80°C) or in
strongly basic samples (pH > 9), a silver—silver chloride
electrode must be used for such application. It isa very
reproducible electrode based upon the following reac-
Hon:

AgCl(s) + & = Ag(s) + Ct {7

The internal element is a silver-coated platinum wire,
the surface silver being convered to silver chloride by
hydrolysis in hydrochloric acid. The filling solutionis a
mixture of 4 M KC], saturated with AgCl that is used to
prevent the AgCl surface of the internal element from
dissolving. The permeable junction is usually of the
porous ceramic type. Because of the relative insolubil-
ity of AgCl, this electrode tends to clog more readily
than the calomel reference electrode. However, it is
possible to obtain a double-junction electrode in which
a separate inner body hoelds the Ag/AgCl internal ele-
ment electrolyte, and ceramic junction. An outer body
containing a second electrolyte and junction isolates
the inner body from the sample.

7.3.2.4 Indicator Electrode

The indicator electrode most commonly used in mea-
suring pH today is referred to as the glass electrode.
Prior to its development, the hydrogen electrode and
the quinhydrone electrode were used.

The history of the glass electrode goes back to 1875,
when it was suggested by Lord Kelvin that glass was
an electrical conductor. Cremer discovered the glass
electrode potential 30 years later when he observed
that a thin glass membrane placed between two aque-
ous solutions exhibited an electrical potential sensitive
to changes in acidity. Subsequently, the reaction was
shown to be dependent upon the hydrogen ion conr-
centration. These observations were of great impor-
tance in the development of the pH meter.

What is the design of the glass electrode? This elec-
trode (Fig. 7-1) also has three principal parts: (1) & sii-
ver-silver chloride electrode with a mercurv connec-
tion that is needed as a lead to the potentiometer; (2' a
buffer solution consisting of 0.01 N HCJ, 0.09 N KC},
and acetate buffer used to maintain a constant pH (E,);
and (3) a small pH-sensitive glass membrane for which
the potential (£,) varies with the pH of the test sciu-
tion. In using the glass electrode as an indicator el:c-
trode in pH measurements, the measurvd potent:al
(measured against the calomel electrode) is directly
proportional to the pH as discussed earlier, E = E, +
0.059 pH.

Conventional glass electrodes are suitabie for mea-
suring pH in the range of pH 1-9. However, this elec-
trode is sensitive to higher pH, especially in the pros-
erce of sodium jons. Thus, equipment manufacturers
have developed modern glass electrodes that are
usable over the entire pH range of 0~14 and feature a
ver low sodium jon error, such as <0.01 pH at 25°C,

7.2.2.5 Combination Electrodes

R LU, % r . . .
Tozav, most food analysis laboratories use combina-
t:on clectrodes that combine both the pH and reference
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electrodes along with the temperature sensing probe in
a single unit or probe, These combination electrodes
are available in many sizes and shapes from very small
microprobes to flat surface probes, from all glass to
plastic, and from exposed electrode tip to jacketed elec-
trode tips to prevent glass tip breakage. Microprobes
may be used to measure pH of very small systems such
as inside a cell or a solution on a microscope slide. Flat
surface electrode probes can be used to measure pH of
semisolid and high viscosity substances such as meat,
cheese, and agar plates and small volumes as low as
10 pl.

7.3.2.6 Guidelines for Use of pH Meter

It is very important that the pH meter be operated and
maintained properly. One should always follow the
specific instructions provided by the manufacturer. For
maxirmnum accuracy, the meter should be standardized
using two buffers (two-point calibration). Select two
buffers of pH values about 3 pH units apart, bracketing
that of the anticdipated sample pH. The three standard-
ization buffers used most widely in laboratories are a
pH 4.0 buffer, a pH 7.0 buffer, and a pH 9.0 buffer (at
25°C). These are the typical pink, yellow, and blue solu-
tions found adjacent to pH meters in many laborato-
ries.

When standardizing the pH electrode, follow man-
ufacturer’s instructions for one-point calibration;
rinse thoroughly with distilled water and blot dry.
Immerse electrode in the second buffer (pH 4, for
example) and perform a second standardization. This
time, the pH meter slope control is used to adjust the
reading to the correct value of the second buffer.
Repeat these two steps, if necessary, undl a value
within 0.1 pH unit of the correct value of the second
buffer is displayed. If this cannot be achieved, the
instrument is not in good working condition. Elec-
trodes should be checked, remembering that the refer-
ence electrode is more likely in need of attention. One
should always follow the electrode manufacturer’s
specific directions for storage of a pH electrode. In this
way, the pH meter is always ready to be used and the
life of the electrodes is prolonged. One precaution that
should be followed pertains to a calomel reference elec-
trode. The storage solution level always should be at
least 2 cm below the saturated KCl solution level in the
electrode in order to prevent diffusion of storage solu-
tion into the electrode (Fig. 7-2).

7.4 TITRATABLE ACIDITY

7.4.1 General Considerations

pH is used to determine the endpoint of acid-base
titration. This can be achieved directly with a pH

Correct Incorrect

Correct and incorrect depth of calomel elec-
trodes in solutions. [Reprinted with permission

from (12}. Copyright 1971 American Chemical
Societv.|

meter, but more commonly an indicator dye is used. In
some cases, the way pH changes during titration can
lead to subtle problems. Some background in acid the-
ory is necessary to fully understand titration and to
appreciate the occasional problems that might arise.

7.4.1.1 Buffering

Although pH can hypothetically range from -1 to 14,
pH readings below 1 are difficult to obtain. This is due
to incomplete dissociation of hydrogen ions at high
acid concentrations. At 0.1 N, strong acids are assumed
to be fully disassodiated. Therefore, fully disassociated
acid is always present when a strong base is used to
titrate a strong acid; and the pH at any point in the
titration is equal to the hydrogen ion concentration of
the remaining acid (Fig. 7-3).

12 5

104- v r//

pH & -

0 e e N —

0 20 40 60 80 100 120 140
mL 0.1 NaOH

7.3 Titration of 2 strong acid with strong base. The
PH at any point in the titration is dictated by
the hydrogen jon concentration of the acid

;,emazning after partial neutralization with
ase.
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All food acids aresweak acids. Less than 3% of their
ionizable hydrogens ape disassaciated from the parent
molecule. When free hydrogen ions are removed
through titration, new hydregen ions can arise from
other previously undisassodated parent molecules.
This tends to cushion the solution from abrupt changes
in pH. This property of a solution to resist change in
pH is termed buffering. Buffering occurs in foods
whenever a weak acid and its salt are present in the
same medium. Due to buffering, a graph of pH versus
titrant is more complex for weak acids than strong
adds. However, this relationship can be predicted by
the Henderson-Hasselbalch equation.
(A7
[HA]

[HA] represents the concentration of undissociated
acid. [A”] represents the concentration of its salt, also
known as the conjugated base. The conjugated base is
equal in concentration to the conjugated acid [H;07].
The pK, is the pH at which equal quantities of undis-
sociated acid and conjugated base are present. The
equation indicates that maximum buffering capacity
will exist when the pH equals the pK,. A graph show-
ing the titration of 0.1 N acetic acid with 0.1 N NaOH
illustrates this point (Fig. 7-4).

Di- and triprotic acids will have two and three
buffering regions, respectively. A pH versus titrant
graph of citric acid is given in Fig. 7-5. If the pK, steps

pH=pK, +log [13]

14 -

pH
6 1 pK =4.82

T A T v T 1 1

0 20 40 €0 BO 100 120 140
mL 0.1N NcOH
7-4 Titration of & weak monoprotic acid with a
strong base. A buffering region is established
m around the pK; (4.82). The pH at any point

is described by the Henderson-Hasselbaich
equation.
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Titration of a weak polyprotic acid with a
il strong base. Buffering regions are established
| figure | around each pPK,. The Henderson-Hasselbalch
equation can predict the pH for each pK, value
if pK, steps are separated by more than three
units. However, complex transition mixtures
between pK, steps make simple calculations of

transition pH values impossible.

in polyprotic acids differ by three or more pK, units,
then the Henderson-Hasselbalch equation can predict
the plateau corresponding to each step. However, the
transition region between steps is complicated by the
presence of protons and conjugate bases arising from
other disassociation state(s). Consequently, the Hen-
derson-Hasselbalch equation breaks down near the
equivalence point between two pK, steps. However,
the pH at the equivalence point is easily calculated.
The pH is simply (pK,1 + pK,2)/2. Table 7-5 lists pK,
values of acids important in food analysis.

"7=5 pK, Values for Some Acids Important in

| table | Food Analysis

Acid - . pK,1 pPK2 PK,S
Oxalic 1.18 4.21 -—
Phosphoric » 2.12 7.21 12.30
Tartanc 3.02 4.54 —
Malic 3.40 5.05 —
Citric 3.06 4.74 5.40
Lactic 3.86 —_— -
Ascorbic 4.10 11.79 —
Acetc 4.76 — -
Potassium acid phinalate 5.40 —_ -
Carbonic . 6.10 10.25 —
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7.4.1.2 Potentiometric Titration -

At the equivalence point in a titration, the number of
acid equivalents exactly equa]s the number of base
equivalents, and total acid neutralization is achieved.
As the equivalence point is approached, the denomina-
tor fHA] in the Henderson-Hasselbalch equation be-
comes insigrificantly small and the quotient [A7]/[HA]
increases exponentially. As a result, the solution pH
rapidly increases and ultimately approaches the pH of
the titrant. The exact equivalent point is the halfway
mark on this slope of abrupt pH increase. The use of a
pH meter to identify the endpoint is called the poten-
tiometric method for determining titratable acidity.
The advantage of determining the equivalence point
potentiometrically is that the precise equivalence point
is identified. Since a rapid change in pH (and not some
final pH value per se) signals the end of titration, accu-
rate calibration of the pH meter'is not even essential.
However, in order to identify the equivalence point, a
careful record of pH versus titrant must be kept. This
and the physical constraints of pH probes and slow
response with some electrodes make the potentiometric
approach somewhat cumbersome.

7.4.1.3 Indicatqrs

For simplicity in routine work, an indicator solution is
often used to approximate the equivalence point. This
approach tends to overshoot the equivalence point by
a small amount. When indicators are used, the term
endpoint or colorimetric endpoint is substituted for
equivalence point. This emphasizes that the resulting
values are approximate and dependent on the specific
indicator. Phenolphthalein is the most common indica-
tor for food use. It changes from clear to red in the pH
region 8.0 to 9.6. Significant color change is usually
present by pH 8.2. This pH is termed the phenolph-
thaleint endpoint. '

A review of pK, values in Table 7-5 indicates that
naturally occurring food acids do not buffer in the
region of the phenolphthalein endpoint. However,
phosphoric acid (used as an acidulant in some soft
drinks) and carbonic acid (carbon dioxide in aqueous
solution) do buffer at this pH. Consequently, taking the
solution from the true equivalence point to the end-
point may require a large amount of titrant for these
acids. Indistinct endpoints and erroneously large titra-
tion values may result. When these acids are titrated,
potentiometric analysis is usually preferred. Interfer-
ence by CO, can be removed by boiling the sample and
titrating the remaining acidity to a phenolphthalein
endpoint.

Deeply colored samples also present a problem for
endpoint indicators. When colored solutions obscure
the endpoint, a potentiometric method is normaily

used. For routine work, pH versus titrant data are not
collected. Samples are simply titrated to pH 8.2 (the
phenolphthalein endpoint). Even though this is a
potentiometric method, the resulting value is an end-
point and not the true equivalence point since it simply
reflects the pH value for the phenolphthalein endpoint.

A pH of 7 may seem to be a better target for a
potentiometric endpoint than 8.2. This pH, after all,
marks the point of true neutrality on the pH scale.
However, once all acid has been neutralized, the conju-
gate base remains. As a result, the pH at the equiva-
lence point is slightly greater than 7. Confusion also
might arise if pH 7 was the target for colored samples
and pH 8.2 was the target for noncolored samples.

Dilute acid solutions {e.g., vegetable extracts)
require dilute solutions of standard base for optimal
accuracy in ttration. However, a significant volume of
dilute alkali may be required to take a titration from the
equivalence point to pH 8.2. Bromthymol blue is used
sometimes as an alternative indicator in low acid situ-
ations. It changes from yellow to blue in the pH range
6.0-7.6. The endpoint is usually a distinct green. How-
ever, endpoint identification is somewhat more subjec-
tive than the phenclphthalein endpoint.

Indicator solutions rarely contain over a few tenths
percent dye (wt/vol). All indicators are either weak
acids or weak bases that tend to buffer in the region of
their color change. In excessive amounts, they can in-
fluence the titration by conferring their own acid/
base character to the sample under analysis. Indicator
solutions should be held to the minimum necessary to
impart effective color. Typically, two to three drops of
indicator are added to the solution to be titrated. The
lower the indicator concentration, the sharper will be
the endpoint.

In acetic acid fermentations, it is sometimes desir-
able to know how much acidity comes from the acetic
acid and how much is contributed naturally by other
acids in the product. This can be achieved by first per-
forming an initial titration to measure total acidity. The
acetic acid is then boiled off, the solution is allowed to
cool, and a second titration is performed to determine
the fixed acidity. The difference between fixed and
total acidity is the volatile acidity. A similar practice is
used sometimes in the brewing industry to separate
acidity due to dissolved CO, from fixed acids. Fixed
acids are titrated after CO, is removed by low heat
(40°C} and gentle agitation.

7.4.2 Preparation of Reagents
7.4.2.1 Standard Alkali

Sodium hydroxide (N2OH) is the most commonly
used base in titratable acidity determinations. In some
ways, it appears to be a poor candidate for a standard
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base. Reagent grade NaOH:is very hygroscopic and
often contains significant quantities of insoluble
sodium carbonate (Na,CO,). Consequently, the nor-
mality of working solutions is not precise, but must be
standardized against an acid of known normality.
However, economy, availability, and long tradition of
use for NaOH outweigh these shortcomings. Working
solutions are normally made from a stock solution con-
faining 50% sodium hydroxide in water (wt/vol).
Sodium carbonate is essentially insoluble in concen-
trated alkali and gradually precipitates out of solution
over the first 10 days of storage.

NaOH can react with dissolved and atmospheric
CO, to produce new Na,CO,. This reduces alkalinity
and sets up a carbonate buffer that can obscure the true
endpoint of a titration. Therefore, CO, should be
removed from water prior to making the stock solu-
tion. This can be achieved by purging water with CO,-
free gas for 24 hours or by boiling distilled water for 20
min and aliowing it to cool before use. During cooling
and long-term storage, air (with accompanying CO,)
will be drawn back into the container. Carbon dioxide
can be stripped from reentering air with a soda-lime
(20% NaOH, 65% Ca0, 15% H,0) or ascarite trap
(NaOH impregnated asbestos). Air passed through
these traps also can be used as purge gas to produce
CO,-free water.

Stock alkali solution of 50% in water is approxi-
mately 18 N. A working solution is made by diluting
stock solution with CO,-free water. There is no idea)
container for strong alkali solutions. Glass and plastic
are both used, but each has its drawbacks. If a glass
container is used it should be closed with a rubber or
thick plastic closure. Glass closures should be avoided
since, over time, strong alkali dissolves glass, resulting
in permanent fusion of the contact surfaces. Reacticn
with glass also lowers the normality of the alkali. These
liabilities also are relevant to long-term storage of
alkali in burettes. NaOH has a low surface tension. This
predisposes to Jeakage around the stopcock. Stopcock
leakage during titration will produce erroneously high
acid vaiues. Slow evaporation of titrating solution
from the stopcock valve during long periods of non-
use also creates a locaiized region of high pH with
ensuing opportunities for fusion between the stopcock
and burette body. After periods of non-use, burettes
should be empticd, cleaned, and refilled with fresh
working solution.

Long-term storage of alkali in plastic containers
also requires special vigilance because CO, permeates
freely through most common plastics. Despite this
shortcoming, plastic containers are usually preferred
for long-term storage of stock alkali solutions. Whether
glass or plastic is used for storage, working solutions
should be restandardized weckly to correct for alkalin-
ity losses arising from interactions with glass and CCh.

7.4.2.2 Standard Acid

The impurities and hygroscopic nature of NaOH make
it unsuitdble as a primary standard. Therefore, NaOH
titrating solutions must be standardized against a stan-
dard acid. Potassium acid phthalate (KHFP) is com-
monly used for this purpose.

KHP’s single ionizable hydrogen (pK, = 5.4) pro-
vides very little buffering at pH 8.2. It can be manufac-
tured in very pure form, it is relatively nonhygroscopic,
and it can be dried at 120°C without decomposition or
volatilization. Its high molecular weight also favors
accurate weighing.

KHP should be dried for 2 hours at 120°C and
allowed to cool to room temperature in a desiccator
immediately prior to use. An accurately measured
quantity of KHP soluton is titrated with a base of
unknown normality. The base is always the titrant. CO,
is relatively insoluble in acidic solutions. Conse-
quently, stirring an acid sample to assist in mixing will
not significantly alter the accuracy of the titration.

7.4.3 Sample Analysis

A number of official methods exist for determining
titratable acidity in various foods (AOAC Intermna-
tional, 1995). However, determining titratable acidity
on most samples is relatively routine and various pro-
cedures share many common steps. An aliquot of
sample (often 10 mi)} is titrated with a standard alkzli
solution (often 0.1 N NaOH) to a phenolphthalein end-
point. Potentiometric endpoint determination is used
when sample pigment makes use of a color indicator
impractical. '

Typical titration setups are illustrated in Fig 7-6 for
potentiometric and colorimetricendpoints. Erlenrmcver
flasks are usually preferred for samples when endpcint
indicators are used. A magnetic stirring bar may be
used, but mixing the sample with hand swirling is usu:-
ally adequate. When hand mixing is used the sampl»
flask is swirled with the right hand. The stopco:k i:
positioned on the right side. Four fingers on thc leit
hand are placed behind the stopcock valve and the
thumb is placed on the front of the valve. Titrant is Ci: -
pensed at a slow, uniform rate until the endpoint is
approached and then added dropwise until the end-
point does not fade after standing for some predeter-
mined period of time, usually 5-10 sec.

The bulkiness of the pH electrode usually de-
mands that beakers be used instead of Erlenmeyer
flasks when samples are anzalvzed potentiometrically.
Mixing is almest always achieved through magnetic
stirring, an loss of sample through splashing is more
likeiy with beakers than Erlenmeyer flasks. Othenwise,
titration practices are identical to those described pre-
viously for indicitor solctions,
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1. Burette
2. Burette Clamp
3. Clamp

Support

4. Magnetic Stirring
Plate

5. Stopcock

6. pH Meter

7. Combination pH
Probe
6

Titratable Acidity Apparatus

o)
0 O

Potentiometric Titration

Colorimetric Titration

' Titratable acidity apparatus.
_ figure |

Problems may arise when concentrates, gels, or
particulate-containing samples are titrated. These
matrices prevent rapid diffusion of acid from densely
packed portions of sample material. This slow diffu-
sion process results in a fading endpoint. Concentrates
can simply be diluted with CO,-free water. Titration
then is performed and the original acid content calcu-
lated from dilution data. Starch and similar weak gels
often can be mixed with CO,-free water, stirred vigor-
ously, and titrated in a manner similar to concentrates.
However, some pectin and food gum gels require mix-
* ing in a blender to adequately disrupt the gel matrix.
Thick foams are  occasionally formed in mixing.
Antifoam or vacuum can be used to break the foams.

Immediately following processing, the pH values
of particulate samples often vary from one particulate
piece to another. Acid equilibration throughout the
entire mass may require several months. As a result,
particulate-containing foods should be comminuted

finely in a blender before titrating. The comminuting
process may incorporate large quantities of air. Air
entrapment makes the accuracy of volumetric mea-
surements questionable. Aliquots often are weighed
when air incorporation may be a problem.

7.4.4 Acid Content in Food

Most foods are as chemically complex as life itself. As
such, they contain the full complement of Krebs cycle

- acids (and their derivatives), fatty acids, and amino

acids. Theoretically, all of these contribute to titratable
acidity. Routine titration cannot differentiate between
individual acids. Therefore, titratable acidity is usually
stated in terms of the predominant acid. For most
foods this is unambiguous. In some cases, two acids are
present in large concentrations and the predominant
acid may change with maturity. In grapes, malic acid
often predominates prior to maturity while tartaric
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acid typically predaminates in- the-ripe fruit. A similar
phenomenon is observed with malic and citric acids in
pears. Fortunately, the equivalent weights of common
food acids are fairly similar. Therefore, percent titrat-
able acidity is not substantially affected by mixed pre-
dominance or incorrect selection of the predominant
acid.

The range of acid concentrations in foods is very
broad. Acids can exist at levels below detection limits
or they can be the preeminent substance present in the
food. The contribution of adds to food flavor and qual-
ity is not told by acid content alone. The tartness of
acids is reduced by sugars. Consequently, the Brix/acid
ratio (often simply called ratio) is usually a better pre-
dictor of an acid’s flavor impact than Brix or acid alone.
Acids tend to decrease with-the maturity of fruit while
sugar content increases. Therefore, the Brix/acid ratio
often is used as an index of fruit maturity. The ratio also
can be affected by climate, variety, and horticultural
practices. Table 7-6 gives typical acid composition and
sugar levels for many commercially important fruits at
maturity. Citric and malic acids are the most common
acids in fruits and most vegetables; however, leafy veg-
etables also may contain significant quantities of oxalic
acid. Lactic acid is the most important acid in dairy
foods for which titratable acidity is commonly used to
monitor the progress of lactic acid fermentations in
cheese and yogurt production (Marshall, 1992).

Organic acids contribute to the refractometer read-
ing of soluble solids. When foods are sold on the basis
of pounds solids, Brix readings are sometimes cor-
rected for acid content. For citric acid, 0.20° Brix are
added for each percent titratable acidity.

7-6 Acid Composition and *Brix of Some
Commerciclly Important Fruits

Principal Typical Per- Typical

Fruit Acid cent Acid °Brix
Apples Nalc 0.27-1.02 9.12-13.5
Bananas Malic/citric 0.25 16.5-19.5

(3:1)
Cherries Molic 0.47-1.86 13.4-18.0
Cranbernes Cinec 08-1.36

Malic 0.70-0.98 12.9-14.2
Grapelruil Ciiric 0.64-2.10 7-10
Grepes Tartanc/matic  0.64-1.16 13.3-14.4

(3:2)
Lemons Citne 42-83 7.1-11.9
Limes Citric 48-£3 8.3-14.1
Oranges Citric 0.68-1.2D a-14
Peaches Citric 1-2 11.8-12.3
Pears Malic/citric 0.34-0.45 11-12.2
Pineapples Citric C.78-D.84 12.3-16.8
Raspberries Citric 1.57-2.23 8-11.1
Strawberries Citric 0.95-1.18 8-10.1
Tomatoes Citric 0.2086 4

7.4.5 Other Methods

High performance liquid chromatography (HPLC) and
electrochemistry both have been used to measure acids
in food samples. Both methods allow identification of
specific acids. HPLC uses refractive index, ultraviolet,
or for some acids electrochemical detection. Ascorbic
acid has strong electrochemical signature and signifi-
cant absorbance at 265 nm. Significant absorbance of
other prominent acids does not occur until 200 nm or
below.

Many acids can be measured with such electro-
chemical techniques as voltammetry and polarogra-
phy. In ideal cases, the sensitivity and selectivity of
electrochemical methods are exceptional. However,
interfering compounds often reduce the practicality of
electrochemical approaches. .

Unlike titration, chromatographic and electro-
chemical technigues do not differentiate between an
acid and its conjugate base. Both species inevitably
exist side by side as part of the inherent food-buffer
system. As a result, acids determined by instrumental
methods may be 50% higher than values determined
by titration. It follows that Brix/acid ratios can be
based only on acid values determined by titration.

7.5 SUMMARY

Organic acids have a pronounced impact on food fia-
vor and quality. Unlike strong acids which are fullv
dissociated, food acids are only partially icnized. Some
properties of foods are affected only by this icnized
fraction of acid molecules while other properties are
affected by the total acid content. It is impractical to
quantify only free hydronium ions in solutica by
chemical methods. Once the free ions are remov.d by
chesnical reaction, others arise from previously undis-
sociated molecules. Indicator dyes, which change color
depending on the hydronium ion environment, exist
but they only identify when a certain pH threshold has
been achieved and do not stoichiometricaily quantify
free hydronium jons. The best that can be done is to
identify the secondary effect of the hydronium ion
environment on some property of the system such os
the color of the indicator dyes or the electrochemicz!

~ potential of the medium. The pH meter mcasures the

change in electrochemical potential established by the
hydronium ion across a semipermeable gless mem-
brane on an indicator clectrode. The shift in the indica-
tor electrode potertial is indexed against the potentizl
of a refvrence electrode. The difference in millivolt
reading between the two eicctrodes can be converted
into pH using the Nerst equation. The hydror.ium ion
concentration can be back calculated from pH using
the original definition of pH as the negative log of
hydrugen ion concentration. Buffer solutions of any
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pH can be created using the Henderson-Hasselbalch
equation. However, the predictions of all these equa-
tions are somewhat approximate unless the activity of
acids and conjugate bases are taken into account.

Titratable acidity provides a simple estimate of the
total acid content of a food. In most cases, it is only an
estimate since foods often contain many acids that can-
not be differentiated through titration. Titratable acid-
ity is nota good predictor of pH, since pH is a combined
function of titratable acid and conjugate base. [nstru-
mental methods such as HPLC and electrochemical
approaches measure acids and their conjugate bases as
asingle compound and, therefore, tend to produce acid
contents that are higher than those determined by titra-
tion. Titratable acidity, somewhat curiously, is a better
predictor of tartness than the concentration of free
hydronium ions as reflected by pH. The perception of
tartness is strongly influenced by the presence of sug-
ars. Indicator dyes are used commonly to identify the
endpoint of acidity titrations although pH meters can
be used in critical work or when sample color makes
indicators impractical.

7.6 STUDY QUESTIONS

1. Explain the theory of potentiometry and the Nemst

equation as they relate to being able to use a pH meter to
measure H* concentration.

2. Explain the difference between a saturated calomel elec-
trode and a silver-silver chioride electrode; describe the
construction of a glass electrode and 2 combination elec-
trode,

3. You return from a two-week vacation and ask your lab
technician about the pH of the apple juice sample you
gave him or her before you left. Having forgotten to do it
before, the technician calibrates a pH meter with one
standard buffer stored next to the meter and then reads
the pH of the sample of unpasteurized apple juice imme-
diately after removing it from the refrigerator (40°C),
where it has been stored for two weeks. Explain the rea-
sons why this stated procedure could lead to inaccurate
or misleading pH values.

4. For each of the food products listed below, what acid
should be used to express titratable acidity?

a. orange juice
b. yogurt

¢. apple juice
d. grape juice

5. What is a “Brix/acid ratio,” and why is it often used asan

indicator of flavor quality for certain foods, rather than
simply Brix or acid alone?

6. How would you recommend determining the endpoint
in the titration of tomato juice to determine the titratable
acid? Why?

7. The titratable acidity was determined by titration to a
phenolphthalein endpoint for a boiled and unboiled
clear carbonated bevérage. Which sample would you
expect to have a higher calculated titratable acidity?

10.

11.

12.

Why? Would you expect one of the samples to have a
fading endpoint? Why?

Why and how is an ascarite trap used in the process of
determining titratable acidity?

. Why is volatile acidity useful as a measure of quality for

acetic acid fermentation products, and how is it deter-
mined?

What factors make potassium acid phthalate a good
choice 25 a standard acid for use in standardizing NaQH
solutions to determine titratable acidity?

Could a sample that is determined to contain 1.5% acetic
acid also be described as containing 1.5% citric acid?
Why or why not?

An instructor was grading lab reports of students who
had determined the titratable acidity of grape juice. One
student had written that the % titratable acidity was
7.6% citric add. Give two reasons why the answer was
marked wrong. What would have been a more reason-
able answer?

7.7 PRACTICE PROBLEMS

16,

17.

. How would you prepare 500 mi of 0.1 M NaH,PQ, start-

ing with the solid salt?

. Starting with reagent grade sulfuric acd (36 N), how

would you prepare 1 liter of 2 M H,50,? How many ml
of 10 N NaOH would be réquired to neutralize this acid?

. How would you prepare 250 ml of 2 N HCl starting with

reagent grade HCI (12 N)?

. How would you prepare 1 liter of 0.04 M acetic acid start-

ing with reagent grade HOAc (17 M)?

. How would you prepare 150 ml of 10% NaOH?
- If about 8.7 ml of saturated NaOH is required to prepare

1 liter of 0.1 N NaOH, how would you prepare 100 m! of
1 N NaQH?

. What is the normality of a (1 + 3) HCl solution?
. You are performing a titration on duplicate samples and

duplicate blanks that require 4 mil of 1 N NaOH per titra-
tion sample. The lab has 10% NAOH and saturated
NAOH. Choose one and describe how you would pre-
pare the needed amount of NaOH solution.

. Is a 1% HOACc solution the same as a 0.1 M solution?

Show calculations.

. Is a 10% NaQH solution the same as a 1 N solution? Show

calculations.

. What is the normality of a 40% NaOH selution?

You are performing duplicate titrations on five samples
that require 15 ml of 6 N HCl each. How would you pre-
pare the needed solution from reagent grade HCI?

. What is the pH of a 0.057 M HCl solution?
. Vinegar has a [H™) of 1.77 x 103 M. What is the pH? What

is the major acid found in vinegar, and what is its struc-
ture?

. Orange juice has a [H’] of 2.09 x 107 M. What is the pH?

What is the major acid found in orange juice and what is
its structure? .

A sample of vanilla yogurt has a pH of 3.59. What is the
[H*])? What is major acid found in yogurt and what is its
structure?

An apple pectin gel has a pH of 3.30. What is the (HJ?
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18.

19.

20.

21.

What is the major acid found in apples and what is its
structure?

How would you make 100 mi of a 0.1 N'solution of potas-
stum adid phthalate (KHP)?

Bow would you make 106 ml of a citrate buffer that is 0.1
N in both citric acid (anhydrous) and potassium citrate
KH,CH;0, (MW 230.22)?

What would be the pH of the 0.1 N citrate buffer
described in Problem 197

How would you make 1 liter of 0.1 N NaOH solution
from an 18 N stock solution?

22. A stock base solution assumed to be 18 N was diluted to

24

0.1 N. KHP standardization indicated the normality of
the working solution was 0.088 N. What was the actual
normality of the solution?

. A 20-ml sample of juice requires 25 ml of 0.1 N NaOH

titrant. What would be the percent acid if the juice is (1)
apple juice, (2) orange juice, (3) grape juice?

A lab analyzes a large number of orange juice samples.
All juice samples will be 10 ml. It is decided that 5 m] of
titrant should equal 1% citric acid. What base normality
should be used?

. Alab wishes to analyze apple juice. They would like each

milliliter of titrant to equal 0.1% malic acid. Sample
aliquots will all be 10 ml. What base normality should be
used?

Answers

1.

3

The question asks for 500 ml of a 0.1 M NaH,PO; solu-
tion. The molecular weight of this salt is 120 g/mole. You
can use Equation [1] to solve this problem.

(500 m! of sodium phosphate} x {molarity of sodium
phosphate) = millimoles of sodium phosphate

(500 m1)(0.1 M}(120 g/mole)
1000 m)/liter

=6 g NZ.I"I: P(),|

- (a) 1000 mi of 2 M H,50, are required. Reagent grade

H,;S0, i5 36 N and 18 M. Therefore,

(18 M) (x ml) = (2 M)(1000 ml)
x mi = 111.1 ml of conc. acid diluted to 1 liter

{(When diluting concentrated acids, always add concen-
trated acid to about one ha!f the final volume of water to
ditute and to dissipate the heat generated by mixing.
Never add the water to the concentrated add!).

{t) (1000 ml H,50,)( M H,S50)2 N/1 M) = (x ml
NaOH)(10 N NaOH)

x ml = 400 md NaQOH

Using Equation [1]:

{250 ml)(2 N HCl) = (x mi)} (12 N HC))

4.

x ml =41.67 ml of conc. HCl diluted with water
to 250 ml

Using Equation [1}:

(0.04 M HOAC)(1 liter)(1000 m!/liter) = (x mi)(17 M HOAc)

5.

x ml = 2.35 ml conc. acetic acid which is dituted to 1 liter

Usually with a solid starting material like NaOH, the %o

10.

11.

12

13.

(H')=0.057 N 5.7 x 1072 M

. Four titrations of 4 mi each will be perfo

is a weight-to-volume % (or % wt/vol). Therefore, 10%
NaOH = 10 g NaOH/100 ml of solution. Thus, 150 ml of
10% NaOH requires 15 g NaOH = 15 g NaOH/150 ml =
10% NaOH.

. 1f about 8.7 m! of saturated NaOH diluted to 1 liter gives

0.1 N, this equals (0.1 N)(1000 ml) = 100 mEq. Since both
sclutions contain the same number of milliequivalents,
they both must require the some volume of saturated

NaOH, 8.7 ml.

. The convention (1 + 3) HCl, as used for some analytical

food methods (e.g., AOAC Methods), means 1 part con-
centrated acid and 3 parts distilled water, or a 1-in-4-dilu-
Hon. Starting with concentrated HCl at 12 N, a 1-in+4
dilution will yield {(1/4)(12 N HCl) = 3.00 N HCI.

rmed requiring a
total of about 16 ml of 1 N NaCH. For simplicity, 20 ml of
1 N NaOH can be prepared. If a 10% NaOH stock solu-
tion is used then:

10 g NaOH/100 ml = 100 g NaOH /liter = 2.5 N NaOH
(20 mi){1 N NaOH) = (x ml) (2.5 N}
x i = 8 ml of 10% diluted to 20 ml with distilled water

If saturated NaOH is used, remember from Problem 6 - -

that approximately 8.7 ml of saturated NaOH diluted to
100 ml yields 1.0 N. Therefore, 1.87 ml or 2 ml of satu-
rated NaOH diluted to 20 ml with distilled water will
yield about 1 N NaOH.

. 1% HOAc=1g HOAc/100 ml =

10 g HOAc/1 liter /60.05 g /mole = 0.17 mole/liter = 0.17
M

and

0.1 M HOAc = 0.1 mole HOAc/liter x 60.0% g/mole
6.005 g HOAc/liter = 0.60 g/100 m: = 0.60% HOAc.
Therefore, the two acetic acid solutions are not the same,
differing by a factor of about 2.

10% NaOH = 10 g NaOH /100 ml = 100 g N2OH /liter

100 g NaOH /(40 g/mole)/liter = 2.5 M NaOH
and
1 N NaOH =1 mole NaOH/liter = 40 g NaCt/liter
4 g NaOH/100 ml = 4% NaOH

No, the solutions are not the same.

40% NaOH = 40 g NaOH/100 ml = 400 g NaO}H /liter
(400 g NaOH/liter)/(40 g NaOH/mole) = 10 ruoles /liter
=10N

Atotal of {5 samples)(2 duplicates)(1I5 ml} = 150 ml of € N
HCl

(150 mi}(6 N HCH = (x mi}{12 N HC))

z ml = 75 ml concentrated HCI diluted with distilled
water to 150 mi

Since HCl is a strong acid, it will be completely dissoci-
ated. Therefore, the molar concentration of HC is the
molar concentration of H* and of C1™.

pH = -log (5.7 x 10)M

= (0.76 - 2)
= —(-1.24)
=124
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What is the pH of a 0.025 N NaOH solution?

(OH™) = 0.025M =25 x 107 M

14,

15,

16.

17.

18.

pOH =-log (2.5 x 1079
=-(0.40-2)
=—{040-2)

pH=14-16
=12.40

How many grams of NaOH are required to make 100 ml
0f 0.5 N NaOH?

100 ml NaOH x 0.5 N = 50 mEq or 0.050 Eq

Since NaOH has molecular weight of 40.0 g/mole and
one equivatent per mole, the equivalent weight is 0.0 g
per equivalent.

2.75; acetic acid:

1
H—CF—COOH
H

(Use the equation in Step 1 of Table 7, pH = ~log [H"],
to solve Problems 14-17.)

3.68; dtric aid;
COOH COOH COOH
H L L
6 du b
1.1 % 107 M; lactic acid;
OH
CH,*(I:—COOH
H
5.0 x 107 M; malic acid;
COOH COOH
HO—(—¢—H
HoH

From Table 7-2, the equivalent weight of KHP is 204.22
g/Eq. The weight of KHP required can be calculated
from the equation.
Desired volume (ml)

1000 mi/liter
x Eq wt (g/Eq)
x desired N (Eq/titer)

Acid wt =

Therefore,
100 mi
1000 mi/liter

x 204 g/Eq x 0.1 Eq/liter
= 2.0422 g

KHP wt =

The solution can be made by weighing exactly 2.0422 g of
cool, dry KHP intoa 100-md volumetric flask and diluting

to volume.

19.

21.

This problem is the same as Problem 18, except two com-
ponents are being added to 100 mi of solution. From
Table 7-2, the equivalent weight of citric acid {anhy-
drous) is 64.04 g/Eq. Therefore, the weight of citric acid
(CA) would be

100 mi
1000 mi/liter
x 64.04 g/Eq
=x0.1 Eq/liter
=0.6404 g

CAawts

Potassium ctrate (PC) is citric acid with one of its three
hydrogen ions removed. Consequently, it has one less
equivalent per mole than CA. The equivalent weight of
PC would be its molecular weight (230.22) divided by its
two remaining hydrogen ions, or 115.11 g per equivalent.
Therefore, the weight contribution of PC would be

100 m]
1000 ml

x 115.11 g/Eq = 0.1 Eq/liter
=1.511g

PCwt =

. The relationship between pH and conjugate acid /base

pair concentrations is given by the Henderson-Hassel-
balch equation.

pH = pK, + log [[;:;l]

When acid and conjugate base concentrations are equal,
[AT]/[HA] = 1. Since the log of 1 is 0, the pH will equal
the pK, of the acid. Because CA and PC are both 0.1 N, the
pH will equal the pK,1 of citric acid given in Table 7-5
(pH =3.2).

Using Equation [1] and solving for volume of concen-
trate, we get

final N x final ml

beginning N
_01Nx%1000 ml
- 18N
=555ml

ml concentrated solution =

- e

Consequentty, 5.55 ml-would be dispensed into a 1-liter
volumetric flask. The flask would then be filled to vol-
ume with distilled CO,-free water. :

The normality of this solution will only be approxi-
mate since NaOH is not a primary standard. Standard-
ization against a KHP solution or some other primary
standard is essential. [t is useful sometimes to back-cal-
cuiate the true normality of the stock solution. Even
under the best circumstances, the normality will decrease
with time, but back-calculating will permit a closer
approximation of the target normality the next time a
working standard is prepared.

22. This answer'is a simple ratio.

0.088
0.100 X 18=1585N
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In general chemistry, acid strength is frequently reported
in normality: However, food acids are reported usually as
percent of tofal sample weight. Trace adids also may be
reported in milligram percent (mg/100 g of sample).

Titratable acidity measurements require relatively
small acid and titzant volumes, Normalities for small vol-
umes are-typically reported in milliequivalents per milii-
liter (mEq/ml). Normalities-reported in Eq/liter are
numerically identical to normalities reported in mEq/
ml, only the unit portions differ. Therefore, a 1 normal
solution of NaOH contains 1 equivalent of NaOH per
liter or 1 milliequivalent per milliliter. The percent acid
can be calculated by the equation

base normality (mEq/ml)
x md base
x Eq wt of acid (mg/Eq) u

sample weight (mg) 100

% acid =

It is often awkward in routine work to cite sample
weights in milligrams. A modification of the previous
equation allows sampte weights to be reported directly
in grams.

base normality (mEq/ml)
x ml base
x Eq wt of acid (mg/Eq)

sample weight (g) x 10 x 100

% acid =

For routine titration of single-strength juice, milliliters
often can be substituted for sample weight in grams.
Depending on the soluble solids content of the juice, the
resulting acid values will be high by 1-6%.

23. Table 7-6 indicates the principal acids in apple, orange,
and grape juice are malic, citric, and tartaric acids,
respectively. Table 7-2 indicates the equivalent weight of
these acids are malic (67.05), citric (64.04), and tartaric
(75.05). The percent acid for each of these juices would be

0.1 mEaq/ml NaOH
x 25 ml
x 67.05 mg/mEq
20ml (10 mg/mt

C.1 mEg/ml NaQH
x 25 mi

L ) 64.04 mp/mE
tric acid = e s MB/MEG o
citric acid 30 w1 (10) mg /i 0.80

0.1 mEgq/ml NaOH
x 25 ml
x 75,05 my/mEq _
20 mi (10} mg/ml

The three values obtained for the different acids are
closer than one might expect from a casual examination
of molecular weights. When two acids predominate in a
juice, they are usually malic and citric or malic and tar-
taric acids. Choosing the wrong predominant acid does
not scriously affect the calculated percent acid since
equivalent weights of naturally occurring food acid are
similar.

malic acid = 0.84

larlaric acid = 0.94

Notice that the equivalent weight of anhydrous citric
acid was used. The anhydrous form always will be used
in calculating and reporting the results of titration. Pure
citric acid has a tendency to absorb water. Some manu-
facturers of pure citric acid intentionally hydrate the mol-
ecule to stabilize it against further hydration. The equiv-
alent weight of citric acid monohydrate will be used only
when making solutions from hydrated starting materi-
als. Hydrated chemicals should never be dried in a dry-
ing oven. Total dehydration is rarely possible. The resuit-
ing compound would have some intermediate (and
unknown) hydration number, and solutions made from
the compound would be inaccurate.

Quality control }aboratories often analyze a large num-
ber of samples having a specific type of acid. Speed and
accuracy are increased if acid concentration can be read
directly from the burette. It is possible to adjust the nor-
mality of the base to achieve this purpose. The proper
base normality can be calculated from the equation

10x A
BxC

N=

where:

A = weight (or volume) of the sample to be titrated
B = volume {ml) of titrant you want to equal 1% acid
C = equivalent weight of the acid

24,

_ 10x10
T 5 x64.04

In actuality, the standard alkali solution used universally
by the Florida citrus industry is 0.3123 N,

. Since each milliliter will equal 0:1% malic acid, 1% malic
acid will equal 10 ml. Therefore,

_ 10 x10
T 5 x67.05

N =03123 N

1

N =0.1491 N
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8.1 INTRODUCTION

Moisture assays can be one of the most important
analyses performed on a food product and yet one of
the most difficult from which to obtain accurate and
precise data. This chapter describes various methods
for moisture analysis—their principles, procedures,
applications, cautions, advantages, and disadvantages.
Water activity measurement also is described, since it
parallels the measurement of total moisture as an
important quality factor. With an understanding of
techniques described, one can apply appropriate mois-
ture analyses to a wide variety of food products.

8.1.1 Importance of Moisture Assay

One of the most fundamental and important analytical
procedures that can be performed on a food product is
an assay for the amount of moisture (1-3}. The dry mat-
ter that remains after moisture removal is commonly
referred to as total solids. This analytical value is of
great economic importance to a food manufacturer
because water is an inexpensive filler. The following
listing gives some examples in which moisture content
is important to the food processor.

1. Moistuze is a quality factor in the preservation
of some products and affects stability in
a. dehydrated vegetables and fruits
b. dried milks
c. powdered eggs
d. dehydrated potatoes
e. spices and herbs
2. Moisture is used as a quality factor for
a. jams and jellies, to prevent sugar crystalliza-
ton
b. sugar syrups
c. prepared cereals—conventional,
4'—80/::; pu.ffed, 7—8°/o
3. Reduced moisture is used for convenience in
packaging or shipping of
a. concentrated milks
b. liquid cane sugar (67% solids) and liquid
corn sweetener (80% solids)
c¢. dehydrated products {these are difficult to
package if too high in moisture)
d. concentrated fruit juices
4. Moisture (or solids) content is often specified in
compositional standards (i.e, Standards of
Identity)
a. Cheddar cheese must be <39% moisture.
b. Enriched flour must be <15% moisture.
c. Pineapple juice must have soluble solids of
210.5° Brix (conditions specified).
d. Glucose syrup must have =70% total solids.

e. The percentage of added water in processed
meats is commonly specified.
5. Computations of the nutritional value of foods
require that you know the moisture content.
6. Moisture data are used to express results of
other analytical determinations on a uniform
basis (i.e., dry weight basis).

B.1.2 Moisture Content of Foods

The moisture content of foods varies greatly, as shown
in Table 8-1. Water is a major constituent of most food
products. The approximate, expected moisture content
of a food can affect the choice of the method of mea-
surement, It also can guide the analyst in determining
the practical level of accuracy required when measur-
ing moisture content, relative to other food con-
stituents.

8.1.3 Forms of Water in Foods

The ease of water removal from foods depends on how
itexists in the food product. The three states of water in
food products are:

1. Free water—This water retains its physical
properties and thus acts as the dispersing agent
for colloids and the solvent for saits.

2. Adsorbed water—This water is held tightly or
is occluded in cell walls or protoplasm and is
held tightly to proteins.

3. Water of hydration—This water is bound chemn-
ically, for example, lactose monohydrate; also
some salts such as Na,SO,-10H,0.

Depending on the form of the water present in a food,
the method used for determining moisture may mea-
sure more or less of the water present. This is the rea-
son for official methods with stated procedures (5-7).
However, several official methods may exist for a par-
ticular product. For example, the AOAC International
methods for cheese include: method 926.08, vacuum
oven; 948.12, forced draft oven; 977.11, microwave
oven; 969.19, distillation (5). Usually, the first method
listed by AOAC International is preferred over others
in any section.

8.1.4 Sample Collection and Handling

General procedures for sampling, sample handling
and storage, and sample preparation are given in
Chapter 5. These procedures are perhaps the greatest
potential source of error in any analysis. Precautions
must be taken to minimize inadvertent moisture
losses or gains that occur during these steps. Obvi-
ously, any exposure of a sample to the open atmos-
phere should be as short as possible. Any heating of a
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Moisture Contaent of Selected Foods

Approximale Percent Moisture
Food iltem (wet weight basis)
Cereals, bread, and pasta
Wheat flour, whole-grain 10.3
White bread, enriched 13.4
Corn flakes cereal 3.0
Crackers saltines 4.1
Macaroni, dry, enriched 10.2
Dairy products :
Milk, whole, fluid, 3.3% fat 88.0
Yogurt, plain, low fat 89.0
Cottage cheese "79.3
Cheddar cheese 375
ice cream, vanilla 61.0
Fats and oils
Margarine, regular, hard, corn 16.7
Butter, with salt 16.9
Gil—soybean, salad or cooking 0
Fruits and vegetabies
Watermelon, raw 915
Oranges, raw 86.8
Apples, raw, with skin 839
Grapes, American type, raw 81.3
Raisins 15.4
Cucumbers, with peel, raw 96.0
Potatoes, raw, flesh and skin 79.0
Snap beans, green, raw 90.3
Meat, poultry, and fish
Beel, ground, extra lean, raw 63.2
Chicken, broilers and fryers, light meat. meat and skin, raw 68.6
Finfish, flatfish ({lounder and sole species), raw 79.1
Egg, whale, rew, fresh 75.3
Nuts
Walnuts, biack, driec 4.4
Peanuts, all types, dry roasted with salt 1.6
Peanut butter, smooth style, with salt 1.2
Sweeteners
Sugar, granulated 0
Sugar, brown 16
17.1

Honey, strained or extracted

From USDA Nutrient Database for Standard Relerence, with modification. Release 11-1 (August 1987).

htip:/fwww.nzi.usca.goviinic/cgi-binfnut_search.pl

sample by friction during grinding should be mini-
mized. Headspace in the sample storage container
should be minimal because moisture is lost from the
sample to equilibratc the contaziner environment
against the sample.

. To illustrate the need for optimum efficiency and
speed in weighing samples for analysis, Vanderwarn
(8) showed, using shredded Cheddar cheese (2-3 g ina
5.5-cm aluminum foil pan), that moisture loss within
an analyticzl balance was a straight line function. The
rate of loss was related to the relative humidity. At
50% relative humidity, it required only 5 sec to lose
0.01% muoisture. This time doubled at 70% humidity, or
0.01% muoisture loss in 10 sec. While one might expect

a curvilinear loss, the moisture loss was actually linear
over a 5-min study interval. These data demonstrate
the necessity of absolute control during coiiection of
samples through weighing, before drying.

8.2 OVEN DRYING METHODS

In oven drving methods, the sample is heated under
specified conditions, and the loss of weight is used to
caleulate the moisture content of the sample. The mois-
ture content value obtained is highly dependent on the
tvpe of oven used, conditions within the oven, and the
time and temperature of drying. Various oven methods
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are AOAC approved for determining the moisture in
many food products. The methods are simple, and
many ovens allow for simultaneous analysis of large
numbers of samples. The time required may be from a
few minutes to over 24 hr.

8.2.1 General Information
8.2.1.1 Removal of Moisture

Any oven method used to evaporate moisture has as its
foundation the fact that the boiling point of water is
100°C; however, this considers only pure water at sea
level. Free water is the easiest of the three forms of
water to remove. However, if 1 gram molecular weight
(1 mole) of a solute is dissolved in 1.0 liter of water, the
boiling point would be raised by 0.512°C. This boiling
point elevation continues throughout the moisture
removal process as more and more concentration
oceurs.

Moisture removal is sometimes best achieved in a
two-stage process. Liquid products (e.g., juices, milk)
are commonrly predried over a steam bath before dry-
ing in an oven. Products such as bread and field-dried
grain are often air dried, then ground and oven dried,
with the moisture content calculated from moisture
loss at both air and oven drying steps. Particle size,
particle size distribution, sample sizes, and surface
area during drying influence the rate and efficiency of
moisture removal.

8.2.1.2 Decomposition of Other Food
Constituents

Moisture loss from a sample during analysis is a func-
tion of time and temperature. Decomposition enters
the picture when time is extended too much or tem-
perature is too high. Thus, most methods for food
moisture analysis involve a compromise between time
and a particular temperature at which limited decom-
position might be a factor. One major problem exists in
that the physical process must separate all the moisture
without decomposing any of the constituents that
could release water. For example, carbohydrates
decompose at 100°C according to the following reac-
tion:

Ce,leO - 6C + SH:O [1]

The water generated in carbohydrate decomposition is
not the moisture that we want to measure. Certain
other chemical reactions (e.g., sucrose hydrolysis) can
resuit in utilization of moisture, which would reduce
the moisture for measurement. A less serious problem,
but one that would be a consistent error, is the loss of
volatile constituents, such as acetic, propionic, and

butyric acids; and alcohols, esters, and aldehydes
among flavor compounds. While weight changes in
oven drying methods are assumed to be due to mois-
ture loss, weight gains also can occur due to oxidation
of unsaturated fatty acids and certain other com-
pounds.

Nelson and Hulett (9) determined that moisture
was retained in biological products to at least 365°C,
which is coincidentally the critical temperature for
water. Their data indicate that among the decomposi-
tion products at elevated temperatures were CO, CO,,
CH,, and H,O. These were not given off at any one par-
ticular temperature but at all temperatures and at dif-
ferent rates at the respective temperature in question.

By plotting moisture liberated against tempera-
ture, curves were obtained that show the amount of
moisture liberated at each temperature (Fig. 8-1). Dis-
tinct breaks were shown that indicated the tempera-
ture at which decomposition became measurable,
None of these curves showed any break before 184°C.
Generally, proteins decompose at temperatures some-
what lower than those required for starches and cellu-
loses, Extrapolation of the flat portion of each curve to
250°C gave a true moisture content based on the
assumption that there was no adsorbed water present
at the temperature in queston.

8.2.1.3 Temperature Control

Drying methods utilize specified drying temperatures
and times, which must be carefully controlled. More-
over, there may be considerable variability of tempera-
ture, depending on the type of oven used for moisture
analysis. One should determine the extent of variation
within an oven before relying on data collected from its
use.

Consider the temperature variation in three types
of ovens: convection (atmospheric), forced draft, and
vacuum. The greatest temperature variation exists in a
convection oven. This is because hot air slowly circu-
lates without the aid of a fan. Air movement is ob-
structed further by pans placed in the oven. When the
oven door is closed, the rate of temperature recovery is
generally slow. This is dependent also upon the load
placed in the oven and upon the ambient temperature.
A 10°C temperature differential across a convec-
tion oven is not unusual. This must be considered in
view of anticipated analytical accuracy and precision.
A convection oven should not be used when precise
and accurate measurements are needed. Forced draft
ovens have the least temperature differential across the
interior of all ovens, usually not greater than 1°C. Air is
circulated by a fan that forces air movement through-
out the oven cavity. Forced draft ovens with air distri-
bution manifolds appear to have added benefit where
air movement is horizontal across shelving. Thus, no
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matter whether the oven is filled with moisture pans or
only half filled, the result would be the same for a par-
ticular sample. This has been demonstrated using a
Lab-Line oven (Melrose Park, IL) in which three stack-
ing configurations for the pans were used (8). In one
configuration, the oven was filled with as many pans
holding 2-3 g of Cheddar cheese as the forced draft

oven could hold. In the two others, one half of the full
load of pans with cheese was used with the pans (1) in
orderly vertical rows with the width of one pan
berween rows, or (2) staggered such that pans on every
other shelf were in vertical alignment. The results after
drving showed no difference in the mean value or the
standard deviation.
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Two features of some vacuum ovens contribute to
a wider temperature spread across the oven. One fea-
ture is a glass panel in the door. Although from an edu-
cational point of view it may be fascinating to observe
some samples in the drying state, the glass is a heat
sink. The second feature is the way by which air is bled
into the oven. If the air inlet and discharge are on oppo-
site sides, conduct of air is virtually straight across the
oven. Some newer models (Lab-Line model 3623) have
air inlet and discharge manifolds mounted top and
bottom. Air movement in this style of vacuum oven is
upward from the front, then backward to the discharge
in a broad sweep. The effect is to minimize cold spots
as well as to exhaust moisture in the interior air.

8.2.1.4 Types of Pans for Oven
Drying Methods

Pans used for moisture determinations are varied in
shape and may or may not have a cover. The AOAC
International (5) moisture pan is about 5.5 cm in diam-
eter with an insert cover. Other pans have covers that
slip over the outside edge of the pan. These pans, while
reusable, are expensive, particularly in terms of labor
costs to clean appropriately to allow reuse.

Pan covers are necessary to control loss of sample
by spattering during the heating process. If the cover is
metal, it must be slipped to one side during drying to
allow for moisture evaporation. However, this slipping
of the cover also creates an area where spattering will
result in product loss. Examine the interior of most
moisture ovens and you will detect odor and deposits
of bumed-on residue, which, although undetected at
the time of occurrence, produce erroneous results and
large standard deviations (8).

Consider the use of disposable pans whenever
possible; then purchase glass fiber discs for covers. At
5.5 ¢m in diameter, these covers fit perfectly inside dis-
posable aluminum feil pans and prevent spattering
while allowing the surface to breathe. Paper filter discs
foul with fat and thus do not breathe effectively. Con-
sider the evidence presented in Fig. 8-2, derived from
at least 10 replicate analyses of the same cheese with
various pans and covers. These data prove two points:
(1) fat does spatter from pans with slipped covers and
(2} fiberglass is the most satisfactory cover.

8.2.1.5 Handling and Preparation of Pans

The handling and preparation of pans before use
requires consideration. Use only tongs to handle any
pan. Even fingerprints have weight. All pans must be
oven treated to prepare them for use. This is a factor of
major importance unless disproved by the technologist
doing moisture determinations with a particular type

of pan. To illustrate the weight change that occurs with
disposable aluminum pans, consider the examples in
Fig. §-3. Disposable aluminum pans must be vacuum
oven dried for 3 hr before use. At 3 hr.and 13 hr in
either a vacuum or forced draft oven at 100°C, pans
varied in their weight within the error of the balance,
or 0.0G01 g (8). Store dry moisture pans in a functioning
desiccator. The glass fiber covers do not need drying
before use.

8.2.1.6 Control of Surface Crust Formation
(Sand Pan Technique)

Some food materials tend to form a semipermeable
crust or to lump together during drying, which will
contribute to erratic and erroneous results. To control
this problem, analysts use the sand pan technique.
Clean, dry sand and a short glass stirring rod are
preweighed into a moisture pan. Subsequently, after
weighing in a sample, the sand and sample are
admixed with the stirring rod left in the pan. The

. remainder of the procedure follows a standardized

method if available; otherwise the sample is dried to
constant weight. The purpose of the sand is twofold: to
prevent surface crust from forming and to disperse the
sample so evaporation of moisture is less impeded. The
amount of sand used is a function of sample size. Con-
sider 20-30 g sand/3 g sample to obtain desired distri-
bution in the pan. Similar to the procedure, applica-
tions, and advantages of using sand, other heat-stable
inert materials such as diatomaceous earth can be used
in moisture determinations, especially for sticky fruits.
These inert matrices function to disperse the food con-
stituents and minimize the retention of moisture in the
food products.

8.2.1.7 Calculations

Moisture and total solids contents of foods can be cal-
culated as follows using oven drying procedures:

wt H,O in sample
wt of wet sample

% Moisture (wt/wt} = x 100 2]
wt of wet sample
- wt of dry sample

wt of wet sample 100 B3

% Moisture {wt/wt) =

wt of dry sample «

wt ot wet sample 1000

% Total solids (wt/wt) =

8.2.2 Forced Draft Oven

When usi:ng a forced draft oven, the sample is rapidly
weighed into a moisture pan and placed in the oven for



Partll + Chamical Composition and Characteristics of Foods

126
0.4000 376
03000 | M 372
u
; f f g
i &
0
o 2000 368 =
Q
@ =
I 0.1000 364 ”
0.0000 260
AA G AP DG oP
COMPARISON
_ 8_2 Effect of various pan and cover combinations on the moisture content (MC) of Cheddar cheese. Standard devia-
igure | tions show precision of the analysis. Pans: A = AQAC, D = disposable; Covers: A= AOAC, G = glass fiber disc, P =
filter paper disc. [From (8), used with permission.) ,

an arbitrarily selected time if no standardized method
exists. Drying time periods for this method are 0.75-24
hr (Table 8-2), depending on the food sample and its
pretreatment; some liquid samples are dried initially
on a steamn bath at 100°C to minimize spattering. In
these cases, drying times are shortened to 0.75-3 hr. A
forced draft oven is used with or without a steam table
predrying treatment to determine the solids content of
fluid milks (AOAC Method 990.19, 990.20).

An alternative to selecting a time period for drving
is to weigh and reweigh the dried sample and pan until
two successive weighings taken 30 min apart agree
within a specified limit, for example, 0.1-0.2 mg for a
5-g sample. The user of this sccund method must be
aware of sample transformation, such as browning,
which suggests moisture Joss of the wrong form. Sam-
ples high in carbohydrates should not be dried in a
forced draft oven but ratherin a vacuum oven at a tem-
perature no higher than 70°C. Lipid oxidation and a
resulting sample weight gain can occur at high tem-
peratures in a forced draft oven.

| 8.2.3 Vacuum Oven

By drying under reduced pressure (25-100 mm Hg).
one is able {0 obtain a more complcte removal of water
and volatiles without dezompesition within a 3-6 hr
drying time. Vacuum ovens need a dry air purge in
addition to temperature and vacuum controls to aper-

ate within method definition. In older methods, a vac-
uum flask is used, partially filled with concentrated
sulfuric acid as the desiccant. One or two air bubbles
per second are passed through the acid. Recent
changes now stipulate an air trap that is filled with cal-
dumn sulfate containing an indicator to show moisture
saturation. Between the trap and the vacuum oven is
an appropriately sized rotameter to measure air flow
{100-120 ml/min) into the oven.

The following are important points in the use of 2
vacuum drying oven: ‘

1. Temperature used depends on the product,
such as 70°C for fruits and other high-sugar
products, Even with reduced temperiture, there
can be some decompeosition.

2. If the product to be assayed has 2 high concen-
tration of volatiles, you should consider the usc

_of a correction factor to compensate for the loss.

3. Analysts should remember that in a vacuum,
heat is not conducted well. Thus pans must be
placed directly on the metal shelves to conduct
heat.

4. Evaporation is an endothermic process; thus, a
pronounced cooling is observed. Because of the
cooling effect of evaporation, when several sam-
ples are placed in an oven of this tyvpe, you will
note that the temperature will drop. Do not
attemp! to'compensate for the cooling effect by



Chapler 8 « Moistura and Total Solids Analysis

127

00t

VACLUUM QVIM FORCED AIN

w
T Sooos
0. 8004
[
" a.5001 -
'Y .
: -5.q082 ’ §
B -8.0000
EETITN: N URb
9
.00V
+8.00%
BAMPLE PANS DRIED FON ORE 1OUN
a.001
VACUUM OVER FORCED AR OVEM
[ A1 1]]
w
T [K111]
[ N-111]
c
H  *.0087
A ]
H
g v
E  -0.80004
+0.0888
[]
~H. 0500 1
-4.,00%
SAMPLE PANS DAIED FOR TWO HOURS
s.001 ¢ VACUUM OVEN FORCED AR QVEN
u.ou%
w
T [ N-T11]
0.00604 4
-1
MR XL L
A *
N s
a .
] -8.0884
«J.0a0n
¥ -I.ICOC}
-8.401
SAMPLE PANS DAED FOR THREE HOURS
[ X11]
YACUUM OVEN FORCED AIR OVEN
[N ITH]
w ]
T [A11])
R RIY
c
a.9002
" -+
A * mrmﬁwm*wwr
N seesd
a
g -4
-8.0008
2 -$.0008

«§.001
SAMPLE PANS ORIED FOR FIFTEEN HOURS

8-3 Effect of drying new disposable aluminum
moisture pans in a vacuum and forced draft

L_figure | oven at 100°C. The sensitivity of the balance
was 0.0001 g. (From (8), used with permission.]

increasing the temperature; otherwise samples
during the last stages of drying will be over-
heated.

.5. The drying time is a function of the total mois-
ture present, nature of the food, surface area per
unit weight of sample, whether sand is used as

a dispersant, and the relative concentration of
sugars and other substances capable of retain-
ing moisture or decomposing. The drying inter-
val is determined experimentally to give repro-
ducible results.

8.2.4 Microwave Oven

Microwave oven drying in its infancy was looked
upon as a great boon to moisture determination. It was
the first precise and rapid technique that allowed some
segments of the food industry to make in-process
adjustment of moisture in the food before final packag-
ing. For example, process cheese could be analyzed
and the composition adjusted before the blend was
dumped from the cooker. Such control could effec-
tively pay for the microwave oven within a few
months. Methods texts indicated that users must check
results against the AOAC vacuum oven procedure to
determine how much microwave energy was needed.
Adjustment of megatron output on the original Apollo
oven was done by tumning a control knob.

A new model from CEM Corporation {Matthews,
NC) had significant improvements over the original
Apollo oven. A particular microwave oven, or equiva-
lent, is specified in the AOAC International procedures
for moisture analysis of cheese (AOAC Method 977.11),
total solids analysis of processed tomato products
(AOAC Method 985.26), and moisture analysis of meat
and poultry products (AOAC Method 985.14).

With the CEM micowave oven, the user controls
the microwave output by setting the microprocessor
controller to a percentage of full power. Next the inter-
nal balance is tared with two fiberglass pads on the bal-
ance. As rapidly as possible, a sample is placed between
the two pads and weighed against the tare weight. Time
for the drying operation is set by the operator and
“start” is activated. The microprocessor controls the
drying procedure, with percentage moisture indicated
in the controller window.

The procedure described above suffers somewhat
from a few inherent difficulties. The focus of the
microwave energy is such that unless the sample is
centrally located and evenly distributed, some por-
tions may burn while other areas are underprocessed.
The amount of time needed for an inexperienced oper-
ator to place an appropriate sample weight between
the pads results in too much moisture loss before
weighing. Newer models may eliminate these prob-
lems.

Another style of microwave oven sold in Europe is
beginning to appear in some food plants in the United
States. This is a vacuum microwave oven. It will
accommodate one sample in triplicate or three differ-
ent samples at one time. In 10 min, the results are
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A
Forced Dratt Oven Temperature ond Times for Selected Foods

Dry on Steam Oven Temperaiure Time in

Product Bath (C=2 Oven (Hr)
Buttermilk, liquid X! 100 3
Cheese, natural type only 100 165 t5
Chocolate and cocoa 100 3
Cottage cheese 100 3
Cream, liquid and frozen X 100 3
Egg albumin, liquid X 130 0.75
Egg atbumin, dried X 100 0.75
:ﬁe cream and frozen desserts X 100 3.5

ilk

whole, low fat, and skim X 100 3

condensed skim 100 3

evaporated 100 3

130 3

Nuts: almonds, peanuts, walnuts

From {6) p. 492, with permission, Standard Methods for the Examination of Dairy Products, Robert T.
Marshall (Ed.) Copyright 1992 by the American Public Health Association.
'X = sampies must be partially dried on steam bath before being placed in oven.

reported to be similar to 5 hr in a vacuum oven at
100°C. Potentially this also could become the work-
horse like other microwave ovens.

A consensus is that microwave drying is suffi-
ciently accurate to be used for routine determinations
of food moisture content. Obviously the distinet
advantage of rapid analysis far out weighs its limita-
tions for accuracy with single samples (10).

8.2.5 Infrared Drying

Infrared drying involves penetration of heat into the
sample being dried, as compared to heat conductivity
and convection with conventional ovens. Such heat
penetration to evaporate moisture from the sample can
significantly shorten the required drying time, to 10-25
min. The infrared lamp used to supply heat to the sam-
ple results in a filament temperature of 2000-2500 K.
Factors that must be controlled include distance of the
infrared source from the dried material and thickness
of the sample. The analvst must be careful that the sam-
ple does not burn or case harden while drying. Infrared
drying ovens may be equipped with forced ventilation
to remove moisture air and an analytical balance to
.read moisture content directly. No infrared dryving
moisture analysis techniques arc approved by AOAC
currently. However, because of the speed of analvsis,
this technique is suited for qualitative in-process use.

8.2.6 Rapid Moisture Analyzer Technology

Many rapid moisture/solids analyzers are available to
the food industry. In addition to those based oninfrared

and microwave drying as described previously, com-
pact instruments that depends on high heat are avail-
able, such as analyzers that detect moisture levels from
50 ppin to 100% using sample weights of 150 mgto 40 g
(e.g.. Computrac, Arizona Instrument Corporztion,
Phoenix, AZ). Using a digital balance, the test sample is
placed on an aluminum pan or filter paper and the heat
control program (with a heating range of 25°C t6 275°C)
elevates the test sample to a constant temperature. As

~ the moisture is driven from the sample, the instrumen?

automatically weighs and calculates the percentage
moisture or solids. This technology is utilized te cover
a wide range or applications within the food industry
and offers quick and accurate results within minutes.
These analyzers are utilized for both production and
laboratory use with results comparable to referencce
methods.

8.3 DISTILLATION PROCEDURES

8.3.1 Overview

Distillation techniques involve codistilling the mois-
ture in a food sample with a high boiling point solver:
that is immiscible in water, collecting the mixture that
distills off, and then measuring the volume of water.
Two distiliation procedures are in use today: direct and
reflux distillations, with a variety of solvents. For
example, in direct distillation with immiscible solvents
of higher boiling point than water, the sample is heated
in mincral oil or liquid with a flash point well above the
beiling point for water. Other immiscible liquids with
boiing point only slightly above water can be used
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(e.g.. toluene, xylene, and benzene). However, reflux
distillation with the immiscible solvent toluene is the
most widely used method.

Distillation techniques were originally developed
as rapid methods for quality control work, but they
are not adaptable to routine testing. The distillation
method is an AOAC-approved technique for moisture
analysis of spices (AOAC Method 986.21), cheese
(AOAC Method 969.19), and animal feeds (AQAC
Method 925.04). It also can give good accuracy and pre-
cision for nuts, oils, soaps, and waxes.

Distillation methods cause less thermal decompo-
sition of some foods than over drying at high tempera-
tures. Adverse chemical reactions are not eliminated
but can be minimized by using a solvent with a lower
boiling point. This, however, will increase distillation
times. Water is measured directly in the distillation
procedure (rather than by weight loss), but reading the
volume of water in a receiving tube may be less accu-
rate than using a weight measurement.

8.3.2 Reflux Distillation with
Immisciblie Solvent

Reflux distillation uses either a solvent less dense than
water (e.g., toluene, with a boiling point of 110.6°C; or
xylene, with a boiling range of 137-140°C) or a solvent
more dense than water (e.g., tetrachlorethylene, with a
boiling point of 121°C). The advantage of using this last
solvent is that material to be dried floats; therefore it
will not char or burn. In addition, there is no fire haz-
ard with this solvent. '

Watar
Water
———
Solvent
+
Sample
Heat

Apparatus for reflux distillation of moisture
from a food. Key 1o this setup is the
Bidwell-Sterling moisture trap. This style can
be used only where the solvent is less dense
than waler.

A Bidwell-Sterling moisture trap (Fig. 8-4) is
commonly used as part of the apparatus for reflux dis-
tillation with a solvent less dense than water. The dis-
tillation procedure using such a trap is described in Fig.
8-5, with emphasis placed on dislodging adhering
water drops, thereby minimizing error. When the to-
luene in the distillation just starts to boil, the analyst
will observe a hazy cloud rising in the distillation Aask,
This is a vaporous emulsion of water in toluene. As the
vapors rise and heat the vessel, the Bidwell-Sterling
trap, and the bottom of the condenser, condensation
occurs. It also is hazy at the cold surface of the con-
denser, where water droplets are visible. The emulsion
inverts and becomes toluene dispersed in water. This
turbidity clears very slowly on cooling.

Three potential sources of error with distillation
should be eliminated if observed:

1. Formation of emulsions that will not break.
Usually this can be controlled by allowing the

REFLUX DISTILLATION

Place sampie in cistillation fask and cover completely with solvent.
3
Fili the receiving tube (e.g., Bidwell-Sterling Trap} with solvent, by
pouring it through the top of the condenser.

Bring to a boil and distill siowty at tirst then at increased rate.
4
After the distillation has preceeded for approximately 1 hr, use an
adapted buret brush to dislodge moaisture droplets from the
condenser and tep part of the Bidwell-Sterling trap.
)
Slice the brush up the condenser 10 a point above the vapor
condensing area.
§
Rinse the trush and wire with a smail amount of tcluene 10
disiccdge adhering water drops.

If water has adhered to the walls of the calibrated turbe. invert the
brush. and use she straight wire to dislodge this water 50 it collects
in the bottom of the tube.

4
Return the wire to a point above the condensation point, and rinse
with anather smail amount of toluene,

Alter ro more water has distilled fram the sample, repeat the brush
and wire routine lo dislodge adhering water droplels,
g
Rinse the brush and wire with loluene before removing frem the
condenser.
]
Allow the-apparatus 10 cool to ambient temperatures Sefore
measuring the volume cf water in the trap.

Volume of water X 2 (for a 50-g sample) = % moisiure
8-5 Procedures for reflux distillation with toluene

-m using a Bidwell-Sterling trap. Steps to dislodge
adhering moisture drops are given.
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apparatus to cool after distillation is completed
and before reading the amount of moisture in
the trap.

2. Clinging of water droplets to dirty apparatus.
Clean glassware is essential, but water seems to
cling even with the best cleaning effort. A
burette brush, with the handle end flattened so
it will pass down the condenser, is needed to
dislodge moisture droplets.

3. Decomposition of the sample with production
of water. This is principally due to carbohydrate
decomposition to generate water (C,H;;O( —
6H,0 + 6C). If this is a measurable problem, dis-
continue method use and find an alternative
procedure,

8.4 CHEMICAL METHOD—KARL
FISCHER TITRATION

The Karl Fischer titration is particularly adaptable to
food products that show erratic results when heated or
submitted to a vacuum. This is the method of choice for
determination of water in many low-moisture foods
such as dried fruits and vegetables (AOAC Method
967.19 E-G), candies, chocolate (AOAC Method 977.10),
roasted coffee, oils and fats (AOAC Method 984.20), or
any low-moisture food high in sugar or protein. The
method is quite rapid and sensitive and uses no heat.
This method is based on the fundamental reaction
described by Bunsen in 1853 (11) involving the reduc-
tion of iodine by SO, in the presence of water:

ZHZO + SO: -+ I:.) - C5 H2504 + 2HI {5]

This was modified to include methanol and pyridine in
a four-component system to dissolve the iodine and
SOZ.'

CsHsN * ]2 + CSHﬁN N 502 + CsHsN + Hzo

—+ 2C¢HgN - HI + CHiN - 50, (6]
CsHN - SO, + CH,0H
— CsHN(H)SO, - CH, (7

These reactions show that for cach mole of water, 1
mole of iodine, 1 mcle of SO,, 3 moles of pyridine, and
1 mole of methanol are used. For general work, a
methanolic solution is used that contains these compo-
nents in the ratio of 1 iodine: 3 50,:10 pyridine, and at
a concentration so that 3.5 mg of water = 1 ml of
reagent. A procedure for standardizing this reagent is
given below.

In a volumetric titration procedure (Fig. 5-6}.
iodine and SO, in the appropriate form are added tc
the sample in a closed chamber protected from atmos-
pheric moisture. The excess of I, that cannot react with
the water can be determined visually. The endpoint

balf
phier
I ml
A Labstand
e Lab clarp
Tefiod® consacoe
Meter ansembly Filling device
v Kart Fischer magent
Saople pon Dryiog ube
Adapter asscmbly
Davol bulb
Drying tsbe . with hole
)
Stizring bar N
Magnesic girrer ' o
8‘6 ll  Karl Fischer titration unit. (Courtesy of Lab
higuce | industries, Inc., Berkeley, CA.)

color is dark red-brown. Some instrumental systems
are improved by the inclusion of a potentiometer to
electronically determine the endpoint, which increases
the sensitivity. Instruments are available to automati-
cally perform the Karl Fischer moisture analysis by the
conductometric method.

The volumetric titration procedure described
above is appropriate for samples with a moisture con-
tent greater than ~0.03%. A second tvpe of titration,
referred to as coulometric titration, is ideal for prod-
ucts with very low levels of moisture, from 0.02%
down to parts per million(ppm) levels. In this method,
iodine is electrolytically generated to titrate the water,
The amount of jodine required to titrate the water is
determined by the current needed to gernerate the
jodine,

In a Karl Fischer volumetric titration, the Karl
Fischer reagent (KFR) is added directly as the titrant if
the moisture in the sample is accessible. However, if
moisture in a solid sample is inaccessible to the
reagent, the moisture is extracted from the food with
an appropriate solvent (e.¢., methanol). (Particle size
affects efficiency of extraction directly). Then the
methanol extract is titraled with KFR.

The obnoxious odor of pyridine makes it an unde-
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sirable reagent. Therefore, researchers have experi-
mented with other amines capable of dissolving iodine
and sulfur dioxide. Some aliphatic amines and several
other heterocyclic compounds were found suitable. On
the basis of these new amines, one-component
reagents (solvent and titrant components together} and
two-component reagents (solvent and titrant compo-
nents separate) have been prepared. The one-compo-
nent reagent may be more convenient to use, but the
to-component reagent has greater storage stability.

Before the amount of water found in a food sampie
can be determined, a KFR water equivalence (KFReq)
must be determined. The KFReq value represents the
equivalent amount of water that reacts with 1 ml of
KFR. Standardization must be checked before each use
because the KFReq will change with time.

The KFReq can be established with pure water, a
water-in-methanol standard, or sodium tartrate dihy-
drate. Pure water is a difficult standard to use because
of inaccuracy in measuring the small amounts
required. The water-in-methanol standard is premixed
by the manufacturer and generally contains 1 mg of
water /ml of solution. This standard can change over
prolonged storage periods by absorbing atmospheric
moisture. Sodium tartrate dehydrate (Na,C,H,O, -
2H,;0) is a primary standard for determining KFReq.
This compound is very stable, contains 15.66% water
under all conditions expected in the laboratory, and is
the material of choice to use.

The KFReq is calculated as follows using sodium
tartrate dehydrate: :

36 g H.O/mole
NazC4H406 ’ Zﬂzo
x § x 1000

8
230.08 g/mole x A (8]

KFReq (mg H,O/ml) =
where:

KFReq = Kar} Fischer Reagent water equivalence
S = weight of sodium tartrate dihydrate (g)
A = ml of KFR required for titration of sodium
tartrate dihydrate

Once the KFReq is known, the moisture content of the
sample is determined as follows:

KFR
%H,O = —?‘LKS x 100 9]

where:

KFReq = Karl Fischer Reagent water equivalence
Ks = mi of KFR used to titrate sample
§ = weight of sample (mg)

The major difficulties and sources of error in the Karl
Fischer titration methods are:

1. Incomplete water extraction—For this reason,

fineness of grind (i.e., particle size) is important

in preparation of cereal grains and some foods.

Atmospheric moisture—External air must not

be allowed to infiltrate the reaction chamber.

3. Moisture adhering to walls of unit—All glass-
ware and utensils must be carefully dried.

1. Interferences from certain food constituents—
Ascorbic acid is oxidized by KFR to dehy-
droascorbic acid to overestimate moisture con-
tent; carbonyl compounds react with methanol
to form acetals and release water, to overesti-
mate moisture content (this reaction also may
result in fading endpoints); unsaturated fatty
acids will react with iodine, so moisture content
will be overestimated.

2

8.5 PHYSICAL METHODS

8.5.1 Electrical Methods
8.5.1.1 Dielectric Method

Moisture content of certain foods can be determined by
measuring the change in capacitance or resistance to
an electric current passed through a sample. These
instruments require calibration against samples of
known moisture content as determined by standard
methods. Sample density or weight/volume relation-
ships and sample temperature are important factors to
control in making reliable and repeatable measure-
ments by dielectric methods. These techniques can be
very useful for process control measurement applica-
tions, where continuous measurement is required.
These methods are limited to food systems that contain
no more than 30-35% moisture.

The moisture determination in dielectric-type
meters is based on the fact that the dielectric constant
of water (80.37 at 20°C) is higher than that of most sol-

" vents. The dielectric constant is measured as an index

of capacitance. As an example, the dielectric method is
used widely for cereal grains. Its use is based on the
fact that water has a dielectric constant of 80.37,
whereas starches and proteins found in cereals have
dielectric constants of 10. By determining this properly
on samples in standard metal condensers, dial read-
ings may be obtained and the percentage of moisture
determined from a previously constructed standard
curve for a particular cereal grain.

8.5.1.2 Conductivity Method

The conductivity method functions because the con-
ductivity of an electric current increases with the per-
centage of moisture in the sample. A modestly accurate
and rapid method is created when one measures resis-
tance. Ohm’s law states that the strength of an electric-
ity current is equal to the electromotive force divided
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by the resistance. The electrical resistance of wheat
with 13% moisture is seven times as great as that with
14% moisture and 50 times that with 15% moisture.
Temperature must be kept constant, and 1 min is nec-
essary for a single determination.

8.5.2 Hydrometry

Hydrometry is the science of measuring specific grav-
ity or density, which can be done using several differ-
ent principles and instruments. While hydrometry is
considered archaic in some analytical circles, it is still
widely used and, with proper technique, is highly
accurate. Specific gravity measurements with a pyc-
nometer, various types of hydrometers, or a Westphal
balance are commonly used for routine testing of
moisture (or solids) content of numerous food prod-
ucts. These include beverages, salt brines, and sugar
solutions. Specific gravity measurements are best
applied to the analysis of solutions consisting of only
one component in a medium of water.

8.5.2,1 Pycnometer

One approach to measuring specific gravity is a com-
parison of the weights of equal volumes of a liquid and
water in standardized glassware, a pycnometer (Fig.
8-7). This will yield density of the liquid compared to
water. In some texts and reference books, 20/20 is given
after the specific gravity number. This indicates that
the temperature of both fluids was 20°C when the
weights were measured. Using a clean, dry pyecnome-
ter at 20°C, the analyst weighs it empty, fills it to the fu’l
point with distilled water at 20°C, inserts the ther-
mometer to seal the fill opening, and then touches off
the last drops of water and puts on the cap for the over-
flow tube. The pycnometer is wiped dry in case of any
spillage from filling and is reweighed. The density of
the sample is calculated as follows:

weight of sample-filled
pycnometer - weight of
emptv pycnometer
weight of water-filled
pycnometer - weight of
empty pycnometer

= density of sample [10]

- This method is used for determining alcohol content in
- alcoholic beverages (e.g., distitied liguor, AOAC
Method 930.17), soiids in suga~ syrups (AOAC Method
932.14B), and selids in milk (AQAC Method 925.22).

8.5.2.2 Hydrometer

A second approach to measuring specific gravity is

based on Archimedes’ principle, which states tha? ¢

Pycnometer.
|_figure |

solid suspended in a liquid will be buoyed by a force
equal to the weight of the liquid displaced. The weight
per unit volurne of a liquid is determined by measur-
ing the volume displaced by an object of standard
weight. A hydrometer is a standard weight on the end
of a spindle, and it displaces a weight of liquid equz! 1o
its own weight (Fig. 8-8). For example, in a licuic of
low density, the hydrometer will sink to a greater
depth, whereas in a liquid of high density, the hydrom-
eter will not sink as far. Hydrometers are available in
narrow and wide ranges of specific gravitv. The spin-
dle of the hydrometer is calibrated to rcad r<pecific
gravity directly at 15.5°C or 20°C. A hydrometcr is not
as accurate as a pycnometer, but the speed with which
you can do an analysis is a decisive factor. The accuracy
of specific gravity measurements can be improved b
using a hydrometer calibrated in the desired range of
specific gravities.

The rudimentary but surprisingly accurate hy-
drometer comes equipped with various modifications
depending on the fluid to be measured:

1. The Quevenne and New York Board of Health
lactometer is used to determine the density of
milk. The Quevenne Jactometer reads from 15 to
40 lactometer units and corresponds to 1.015 to
1.040 specific gravity. For every degree above
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60°F, 0.1 lactometer units is added to the read-
ing, and 0.1 lactometer units is subtracted for
every degree below 60°F. -

2. The Baumé hydrometers was used originally to
determine the density of salt solutions {origi-
nally 10% salt), but it has come into much wider
use. From the value obtained in the Baumé
scale, you can convert to specific gravity of lig-
uids heavier than water. For example, it is used
to determine the specific gravity of milk being
condensed in a vacuum pan.

3. The Brix hydrometer is a type of saccarometer
used for sugar solutions such as fruit juices and
syrups, and one usually reads directly the per-
centage of sucrose at 20°C. Balling saccharome-
ters are graduated to indicate percentage of
sugar by weight at 60°F. The terms Brix and
Balling are interpreted as the weight percent of
pure sucrose.

4. Alcoholometers are used to estimate the alcohol
content of beverages. Such hydrometers are cal-
ibrated in 0.1 or 0.2° proof to determine percent-
age of alcohol in distilled Liquors (AOAC
Method 957.03). |

5. The Twaddell hydrometer is only for liquids
heavier than water.

8.5.2.3 Westphal Balance

The Westphal balance functions on Archimedes’ prin-
ciple such that the plummet on the balance will be
buoyed by the weight of liquid equal to the volume
displaced. This is more accurate than a hydrometer but
less accurate than a pycnometer. It provides measure-
ments to four decimal places. The balance has a plum-
met that displaces exactly 5 g of water at 15.5°C. If the
specific gravity is 1, as would be the case with water at
15.5°C, a gravity weight hung at the 10 mark would
bring this device into balance.

The specific gravity measurement of solid objects

Hydrometers. (Courtesy of Cole-Parmer Instrument Company, Vermon Hills, L.}

is made as described below, with the determination of
frozen pe: maturity given as the example:

1. Weigh peas in air.
2. Imunerse peas in soivent.
3. Obtain weight in this solvent.

weight in air
x specific
~ gravity of liquid (1]
weight in liquid
- weight in air

Specific gravity =

The difference between the weight in air and the
weight in liquid equals the weight of a volume of the
liquid, which equals the volume of peas. Industry
grade standards may be based on specific gravity val-
ues (Scott Rambo, personal communication, Dean
Foods, Rockford, IL).

Suggested standards for frozen peas:

Fancy, 1.072 and lower
Standard, 1.073-1.084
Substandard, 1.085 and higher

Whole kernel comn can be assayed similarly with
the following specific gravity standards:

Fancy, 1.080-1.118
Reject immature, 1.079 and lower
Reject overmature, 1.119 and higher

8.5.3 Refractometry

Moisture in liquid sugar products and condensed
milks can be determined using a Baumé hydrometer
(solids), a Brix hydrometer (sugar content), gravimetric
means, or a refractometer, If it is performed correctly
and no crystalline solids are evident, the refractometer
procedure is rapid and surprisingly accurate (AOAC
Method 9.32.14C, for solids in svrups). The refractome-
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ter has been valuable in determining the soluble solids
in fruits and fruit products (AOAC Method 932.12;
976.20; 983.17).

The refractive index of an oil, syrup, or other liquid
is a dimensionless constant that can be used to describe
the nature of the food. While some refractometers are
designed only to provide results as refractive indices,
others, particularly hand-held, quick-to-use units, are
equipped with scales calibrated to read percent solids,
percent sugars, and the like, depending on the prod-
ucts for which they are intended. Tables are provided
with the instruments to convert values and adjust for
temperature differences. Refractometers are used not
just on the laboratory bench or as hand-held units.
Refractometers can be installed in a liquid processing
line to monitor the °Brix of products such as carbon-
ated soft drinks, dissolved solids in orange juice, and
percent solids in milk (12).

When a beam of light is passed from one medium
to another and the density of the two differs, then the
beam of light is bent or refracted. Bending of the light
beam is a function of the media and the sines of the
angles of incidence and refraction at any given temper-
ature and pressure, and is thus a constant (Fig. 8-9).
The refractive index (1) (R]) is a ratio of the sines of the
angles:

sine incident ray angle

=— [12]
sine refracted ray angle

All chemical compounds have an index of refrac-
tion. Therefore, this measurement can be used for the
qualitative identification of an unknown compound by
comparing its RI with literature values. RI varies with
concentration of the compound, temperature, and
wavelength of light. Instruments are designed to give
a reading by passing a light beam of a specific wave-
length through a glass prism into a liguid, the sample.
Bench-top or hand-held units use Amici prisms to
obtain the D line of the sodium spectrum or 559 nm
frem white light. Whenever refractive indices of stan-
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Reflection anc refraction concepts of refractom-
0 etry.
igure

dard fluids are given, these are prefaced with n*p =a
value from 1.3000 to 1.7000. The Greek letter 7 is the
symbol for refractive index; the 20 refers to tempera-
ture in °C; and D is the wavelength of the light beam—
the D line of the sodium spectrum.

Bench-top instruments are more accurate com-
pared to hand-held units mainly because of tempera-
ture control (Fig. 8-10). These former units have provi-
sions for water drculation through the head where the
prism and sample meet. Abbe refractometers are the
most popular for laboratory use. Care must be taken
when cleaning the prism surface following use. Wipe
the contact surface clean with lens paper and rinse with
distilled water and then ethanol. Close the prism
chamber and cover the instrument with a bag when not
in use to protect the delicate prism surface from dust or
other debris that might lead to scratches and inaccu-

racy.

Hand-held refractometer and Abbe refractome-
ter. (Courtesy of Cole-Parmer Instrument
Company, Vernon Hills, IL.)

figure
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The fact that the refractive index of a solution
increases with concentration has been exploited in the
analysis of total soluble solids of carbohydrate-based
foods such as sugar syrups, fruit products, and tomato
products. Because of this use, refractometers are cali-
brated in °Brix (g of sucrose/100 g of sample), which is
equivalent to percentage sucrose or a wt/wt basis.
Refractive index measurements are used widely to
approximate sugar concentration in foods, even
though values are accurate only for pure sucrose solu-
tiens.

8.5.4 Infrared Analysis

Infrared spectroscopy (see Chapter 27) has attained a
primary position in monitoring the composition of food
products during and following processing (13). It has a
wide range of food applications and has proven suc-
cessful in the laboratory, at-line, and on-line. Infrared
spectroscopy measures the absorption of radiation
(near- or mid-infrared) by molecules in foods. Different
frequencies of infrared radiation are absorbed by dif-
ferent functional groups characteristic of the molecules
in food. Similar to the use of ultraviolet (UV) or visible
(Vis) light in UV-Vis speciroscopy, a sample is irradi-
ated with a wavelength of infrared light specific for the
constituent to be measured. The concentration of that
constituent is determined by measuring the energy that
is reflected or transmitted by the sample, which is
inversely proportional to the energy absorbed. Infrared
spectrometers must be calibrated for each analyte to be
measured and the analyte must be informly distributed
in the sample.

For water, near-infrared (NIR) bands {1400-1450,
1920-1950 nm) are characteristic of the ~OH stretch of
the water molecule and can be used to determine the
moisture content of a food. NIR has been applied to
moisture analysis of a wide variety of food comumodi-
ties.

The use of mid-infrared milk analyzers to detez-
mine total solids in milk (AOAC Method 972.16) is cov-
ered in Chapter 27 of this text. The midrange spectro-
scopic method does not yield moisture or solids results
except by computer calculation because these instru-
ments do not monitor at wavelengths where water
absorbs. The instrument must be calibrated using a
minimum of eight milk samples that were previously
analyzed for fat (F), protein (P), lactose (L), and total
solids (TS) by standard methods. Then, a mean differ-
ence value, a, is calculated for all samples used in cali-

bratien:
a=XTS-F-P-L)/n [13]
where:

a = solids not measurable by the E P, and L methods

n = number of samples
F = fat percentage
P = protein percentage
L = lactose percentage
TS = total solids percentage

Total solids then can be determined from any infrared
milk analyzer results by using the formula

TS=a+F+P+L - [14]

The a value is thus a standard value mathematically
derived. Newer instruments have the algorithm in
their computer software to ascertain this value auto-
matically.

8.5.5 Freezing Point

When water is added to a food product, many of the
physical constants are altered. Some properties of solu-
tions depend on the number of solute particles as ions
or molecules present. These properties are vapor pres-
sure, freezing point, boiling point, and osmotic pres-
sure. Measurement of any of these properties can be
used to determine the concentration of solutes in a
solution. However, the most commonly practiced
assay of this variety for milk is the change of the freez-
ing point value. It has economic importance with
regard to both raw and pasteurized milk. The freezing
point of milk is its most constant physical property. The
secretory process of the mamumary gland is such that
the osmotic pressure is kept in equilibrium with blood
and milk. Thus, with any decrease in the synthesis of
lactose, there is a compensating increase in the concen-
trations of Na* and CI". While termed a physical con-
stant, the freezing point varies within narrow limits,
and the vast majority of samples from individual cows
fall betweent —0.525 and -0.565°H (temperature in °H or
Hortvet) (-0.503°C and -0.541°C). The average is very
close to -0.540°H (-0.517°C). Herd or bulk mitk will
exhibit a narrower range unless the supply was
watered intentionally or accidentally. Hortvet is the
sumame of the inventor of the first freezing point
apparatus used for many years before automated
equipment forced its obsolescence. All values today are
given in °Cby agreement. The following is used to con-
vert °H to °C, or °C to °H (5, 6):

°C =0.9623°H - 0.0024 [15]
°H = 1.03916°C + 0.0025 f16]

The principal utility of freezing point is to measure
for added water. However, the freezing point of milk
can be altered by mastitis infection in cows and souring
of milk. In special cases, nutrition and environment of
the cow, stage of lactation, and processing operations
for the milk can affect the freezing point. If the solute
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remains constant in weight and composition, the
change of the freezing point varies inversely with the
amount of solvent present. Therefore, we can calculate
the percent H,O added:

0540-T
—— s

% H,0 added = 100 [17]

where:

0.540 = freezing point in °H of all milk entering a
plant
T = freezing point in °H of a sample

The AOAC cryoscopic method for water added to
milk (AOAC Method of 961.07) assumes a freezing
point for normal milk of -0.550°H (-0.527°C). The Food
and Drug Administration will reject all milk with freez-
ing points above —0.525°H (-0.503°C). Since the differ-
ence between the freezing points of milk and water is
slight and since the freezing point is used to calculate
the amount of water added, it is essential that the
method be as precise as possible. The thermister used
can sense temperature change to 0.001°H (0.001°C).
The general technique is to supercool the solution and
then induce crystallization by a vibrating reed. The
temperature will rise rapidly to the freezing point or
eutectic temperature as the water freezes. In the czse of
pure water, the temperature remains constant un4! zll
the water is frozen. In the case of milk, the temperature
is read when there is no further temperature rise.

Instrumentation available is the old

11) and Fiske cryoscopes. Time required for the zuto-

mated instruments is 1-2 min per sample using 2
prechilled sample.

8.6 WATER ACTIVITY

Water content alone is not a reliable indicator of food
stability, since it has been observed that foods with the
same water content differ in their perishability (14).
This is at least partly due to differences in the way that
water associates with other constituents in a food.
Water tightly associated with other food constituents is
less available for microbial growth and chemical reac-
tions to ciuse decomposition. Water activity (a,.) is 2
better indication of food perishability than is water
content. However, it is also an important quality factor
for organoleptic properties such as hard/soft,
crunchy/chewy, and the like. Water activity is defined
as follows:

P
= 18]
"= (18]
ERH

A model 4D3 Advanced Instruments cryoscope
for freezing point determination in milk
(Courtesy of Advanced Instruments, Inc., Nor-
wood, MA.)

8-11

where:

2, = water activity

Hw
P = partial pressure of water above the sample
P, = vapor pressure of pure water at the same
temperature (specified)
ERH = equilibrium relative humidity surrounding

the product

A

There are various techniques to measure a,. A
commonly used approach relies on measuring the
amount of moisture in the equilibrated headspacc
above a sample of the food product, which correlates
directly with sample a,.. A sample for such analvsis is
placed in a small closed chamber at constant tempera-
ture, and a relative humidity sensor is used to measure
the ERH of the sample atmosphere after equilibration.
A simple and accurate variation of this approach is the
chilled mirror technique, in which the water vapor in
the head«pace condenses on the surface of a mirror that
is cooled :n a controlled manner. The dew point is
C * by the temperature at which condensation
takes place, and this determines the relative humidity

delerming

in the heacepace. lwo other general approaches to
measuriny &, a7¢ (1) using the sample freezing point
Ceprussiin dnc masture content to calculate s, and (2)
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equilibrating a sample in a chamber held at constant
relative humidity (by means of a saturated salt solu-
tion) and then.using the water content of the sample to
calculate a,, (14).

8.7 COMPARISON OF METHODS 7

8.7.1 Principles

Oven drying methods involve the removal of moisture
from the sample and then a weight determination of
the solids remaining to calculate the moisture content.
Nonwater volatiles can be lost during drying, but
their loss is generally a negligible percentage of the
amount of water lost. Distillation procedures also
involve a separation of the moisture from the solids,
but the moisture is quantitated directly by volume.
Karl Fischer titration is based on chemical reactions of
the moisture present, reflected as the amount of titrant
used.

Dielectric and conductivity methods are based on
electrical properties of water. Hydrometric methods
are based on the relationship between specific gravity
and moisture content. The refractive index method is
based on how water in a sample affects the refraction
of light. Near-infrared analysis of water in foods is
based on measuring the absorption at wavelengths
characteristic of the molecular vibration in water.
Freezing point is a physical property of milk that is
changed by a change in solute concentration.

8.7.2 Nature of Sample

While most foods will tolerate oven drying at high
temperatures, some foods contain volatiles that are lost
at such temperatures. Some focods have constituents
that undergo chemical reactions at high temperatures
to generate or utilize water or other compounds, to
affect the calculated moisture content. Vacuum oven
drying at reduced temperatures may overcome such
problems for some foods. However, a distillation tech-
nique is necessary for some food to minimize
volatilization and decomposition. For foods very low
in moisture or high in fats and sugars, Karl Fischer
titration is often the method of choice. The use of a pyc-
nometer, hydrometer, and refractometer requires lig-
uid samples, ideally with limited constituents.

8.7.3 Intended Purposes

Moisture analysis data may be needed quickly for
quality control purposes, and high accuracy may not
be necessary. Of the oven drying methods, microwave
drying, infrared drying and the moisture analyzer
technique are fastest. Some forced draft oven proce-
dures require less than 1 hr drying, but most forced

draft oven and vacuum oven procedures require much
longer. The electrical, hydrometric, refractive index,
and infrared analysis methods are very rapid but often
require correlation to less empirical methods. Oven
drying procedures are official methods for a variety of
food products. Reflux distillation is an AOAC method
for chocolate, dried vegetables, dried milk, and oils
and fats. Such official methods are used for regulatory
and nutrition labeling purposes.

8.8 SUMMARY

The moisture content of foods is important to food
processors and consumers for a variety of reasons.
While moisture determination may seem simplistic, it
is often one of the most difficult assays in obtaining
accurate and precise results. The free water present in
food is generally more easily quantitated as compared
to the adsorbed moisture and the water of hydration.
Some moisture analysis methods involve a separation
of moisture in the sample from the solids and then
quantitation by weight or volume. Other methods do
not involve such a separation but instead are based on
some physical or chemical property of the water in the
sample. A major difficulty with many methods is
attemnpting to remove or otherwise quantitate all water
present. This often is complicated by decomposition or
interference by other food constituents. For each mois-
ture analysis method, there are factors that must be
controlled or precautions that must be taken to ensure
accurate and precise results. Careful sample collection
and handling procedures are extremely important and
cannot be overemphasized. The choice of moisture
analysis method is often determined by the expected
moisture content, nature of other food constituents
(e.g., highly volatile, heat sensitive), equipment avail-
able, speed necessary, accuracy and precision required,
and intended purpose (e.g., regulatory or in-plant
quality control}.

8.9 STUDY QUESTIONS

1. Identify five factors that one would need to consider when
choosing a moisture analysis method for a specific food
product.

2. Why is standardized methodology needed for moisture
determinations?

3. What are the potential advantages of using 2 vacuum
oven rather than a forced draft oven for moisture content
determination?

4. In each case specified below, would you likely overesti-
mate or underestimate the moisture content of a food
product being tested? Explain your answer.

a. hot air oven
« particle size too large
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+ high concentration of volatile flavor compounds
present

* lipid oxidation

* sample very hygroscopic

alteration of carbohydrates (e.g. Maillard brown-

ing)

* sucrose hydrolysis

» surface crust formation

splattering
desiccator with dried sample not sealed properly
b. toluene distillation
* emulsion between water in sample and solvent not
broken
* water clinging to condenser
¢. Kar] Fischer
* very humid day when weighing original samples
+ glassware not dry
« sample ground coarsely
* food high in Vitamin C
* food high in unsaturated fatty acids

. The procedure for an analysis for moisture in a liquid food

product requires the addition of 1-2 ml of deionized water
to the weighed sample in the moisture pan. Why should
you add moisture to an analysis in which moisture is
being determnined?

. A new instrument based on infrared principles has been

received in your laboratory to be used in moisture analy-
sis. Briefly describe the way you would ascertain if the
new instrument would meet your satisfaction and com-
pany standards.

. A technician you supervise is to determine the moisture

content of a food product by the Karl Fischer method.
Your technician wants to know what is this “Karl Fischer
Reagent Water Equivalence” that is used in the ecuation
to calculate percentage of water in the sample, why is it
necessary, and how is it determined. Give the technician
your answer.

. You are fortunate to have available in your laboratory the

equipment for doing moisture analysis by essentially all
methods—both official and rapid quality contro! meth-
ods. For each of the food products listed below (with the
purpose specified as rapid quality control or official), indi-
cate {a) the name of the method you would use, (b) the
principle {nnt procedure) for the method, (¢) a justification
for usc of that method {as compared to using a hot air dry-
ing oven}, and (d) two cautions in use of the method to
ensure accurate results.

. ice cream mix (liguid)—quality control

. milk chocolate—o:ficial

. syrup for canned peaches—quality control
. oat flour--quality control

a
b

- €. spices—official
d
e

8.10 PRACTICE PROBLEMS

L

As an analyst, you are given a sample of condensed soup
to analyze to determine if it is reduced to the correct con-
centration. By gravimetric means, you find that the con-
centration is 26.54% solids. The company standard reads
28.63%. If the starting volume were 1030 gailons at B.67

2

solids, and the weight is 8.5 pounds per gallon, how much
more water must be removed? :
Your laboratory just received several sample containers of
peas to analyze for moisture content. There is a visible
condensate on the inside of the container. What is your
procedure to obtain a result?

. You have the following gravimetric‘mults: weight of

dried pan and glass disc = 1.0376 g, weight of pan and lig-
uid sample 4.6274 g, and weight of the pan and dried sam-
ple 1.7321 g. What was the moisture content of the sample
and what is the percent solids?

Answers

1

The weight of the soup initially is superfluous informa-
tion. By condensing the soup to 26.54% solids from 8.67%
solids, the volume is reduced to 326.7 gallons [(8.67 /26.54)
x 10001. You need to reduce the volume further to obtain
28.63% solids [(8.67/28.63) x 10001, or 302.8 galions. The
difference in the gallons obtained is 23.9, or the volume of
water that must be removed from the partially condensed
soup to comply with company standards (326.7-302.8).
This problem focuses on a real issue in the food process-
ing industry—when do you analyze a samnple and when
don’t you? It would appear that the peas have lost water
that should be within the vegetable for correct results. You
will need to grind the peas in a food mill or blender. If the
peas are in a Mason jar or one that fits an Oster blendexr
head, no transfer is needed. Blend the peas to a creamy
texture. If a container transfer was made, then put the
blended peas back into original container. Mix with the
residual moisture to 2 uniform blend. Collect a sample for
moisture analysis. You should note on the report form
containing the results of the analysis that the pea samples
had free moisture on container walls when they arrived.

. Note Equations [2]-[4] in section 8.2.1.7. To use any of the’

equations, you must subtract the weight of the dried pan
and glass disc. Then you obtain 3.5898 g of original sam-
ple and 0.6945 g when dried. By subtracting these results,
you have water removed or 2.8953 g. Then {0.6945/3.5898)
x 100 = 19.35% solids and (2.8953/3.5898) x 100 = 80.65%

water.
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9.1 INTRODUCTION

Ash refers to the inorganic residue remaining after
cither ignition or complete oxidation of organic matter
in a foodstuff. A basic knowled ge of the characteristics
of various ashing procedures and types of equipment
is essential to ensure reliable results. Three major types
of ashing are available: dry ashing for the majority of
samples, wet ashing (oxidation) for samples with high
fat content (meats and meat products) as a preparation
for elemental analysis, and low-temperature plasma
dry ashing (also called simply plasma ashing or low-
temperature ashing) for preparation of samples when
volatile clemental analyses are conducted. A micro-
wave system now is available for both dry and wet
ashing. Most dry samples (i.e., whole grain, cereals,
dried vegetables) need no preparation, while fresh
vegetables need to be dried prior to ashing. High-fat
products such as meats may need to be dried and fat
extracted before ashing. Fruits and vegetables may be
subjected to additional ashing procedures such as sol-
uble ash in water and alkalinity of ash. The ash content
of foods can be expressed on either a wet weight (as is)
or on a dry weight basis. Alkalinity of ash is a useful
measurement to determine the add-base balance of
foods and to detect adulteration of foods with miner-
als.

9.1.1 Definitions

Dry ashing refers to the use of a muffle fumnace capa-
‘ble of maintaining temperatures of 500-600°C. Water
and volatiles are vaporized and organic substances are
burned in the presence of oxygen in air to CO,, and
oxides of N,. Most minerals are converted to oxides,
sulfates, phosphates, chlorides, and silicates. Elements
such as Fe, Se, Pb, and Hg may partially volatilize with
this procedure, so other methods must be used if ash-
ing is a preliminary step for specific elemental analysis.

Wet ashing is a procedure for oxidizing organic
substances by using acids and oxidizing agents or their
combinations. Minerals are solubilized without vol-
atilization. Wet ashing is often preferable to dry ashing
as a preparation for specific elemental analysis. Nitric
and perchloric acids are preferable, but a special per-
chloric acid hood is essential. This procedure must be
conducted in a perchloric acid hood and caution must
- be taken when fatty foods are used.

Low-temperature plasma ashing refers to a spe-
cific type of dry ashing method whereby foods are oxi-
dized in a partial vacuum by nascent oxygen formed
by an electromagnetic field. Ashing occurs at a much
lower temperature than with a muffle fumace, pre-
venting volatilization of most elements. The crystalline
structures usually remain intact,

Acid insoluble ash generally refers to insoluble
mineral contaminants in foods. Soil minerals (largely
silicates and opaline silica) soluble only in HBr or HF
comprise the major portion of this ash.

Alkalinity of ash is a useful measurement to
determine the acid-base balance of foods and to detect
adulteration of foods with minerals.

9.1.2 Importance of Ash in Food Analysis

Ash content represents the total mineral content in
foods. Determining the ash content may be important
for several reasons. It is a part of the proximate analy-
sis for nutritional evaluation. Ashing is the first step in
the preparation of a food sample for specific elemental
analysis. Because certain foods are high in particular
minerals, ash content becomes important. We can usu-
ally expect a constant elemental content from the ash of
animal products, but that from plant sources is vari-
able.

9.1.3 Ash Contents in Foods

The average ash content of the various food groups is
given in Table 9-1. The ash content of most fresh foods
rarely is greater than 5%. Pure oils and fats generally
contain little or no ash, products such as cured bacon
may contain 6% ash, and dried beef may be as high as
11.6% (wet weight basis).

Fats, oils, and shortenings vary from 0.0 to 4.09%
ash, while dairy products vary from 0.5 to 5.1%. Fruits,
fruit juice, and melons contain 0.2-0.6% ash, while
dried fruits are higher {2.4-3.3%). Flours and meals
vary from 0.3 to 1.4% ash. Pure starch contains 0.3%
and wheat germ 4.3% ash. [t would be expected that
grain and grain products with bran would tend to be
higher in ash content than such products without bran.
Nuts and nut products contain 0.8-3.4% ash, while
meat, poultry, and seafoods contain 0.7-1.3% ash.

9.2 METHODS

Principles, materials, instrumentation, general proce-
dures, and applications are described below for various
ash determination methods. Refer to methods cited for
detailed instructions of the procedures.

9.2.1 Sample Preparation

It cannot be overemphasized that the small sample
used for ash, or other determinations, needs to be very
carefully chosen so that it represents the original mate-
rials. A 2-10 g sample generally is used for ash deter-
mination. Fer that purpose, milling, grinding, and the
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Ash.Content of Selected Foods

Food Item

Percent Ash
(wet weight basis)

Cereals, bread, and pasta
Rice, brown, long-grain, raw
Corn meal, whole-grain, yellow
Hominy, canned, white

White rice, long-grain, regular, raw, enriched

Wheat flour, whole-grain
Macaroni, dry. enriched
Rye bread
Dairy products
Milk, whole, fluid
Evaporated milk, whole
Butter, with salt
Cream, fluid, half and half
Margarine, hard, regular, soybean
Yogunt, plain, low fat
Fruits and vegetables
Apples, raw, with skin
Bananas, raw
Cherries, sweet, raw
Raisins
Potatoes, raw, skin
Tormaloes, red, ripe, raw
Meat, poultry, and fish
Eggs. whole, raw, fresh

Fish fillet, batierec or breaded, and fried

Pork, fresh, leg (ham), whole, raw
Hamburger, reguiar, singie patiy, plain

Chicken, broilers or fryers, breast mezat only, raw

Beel. chuck, arm pot rozst, raw
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like probably will not alter the ash content much; how-
ever, if this ash is a preparatory step for specific min-
cral analyses, contamination by microclements is of
potential concern. Remember, most grinders and min-
cers are of steel construction. Repeated use of glass-
ware can be a source of contaminants as well. The
water source used in dilutions also may contain conta-
minants of some microclements. Distilled—deionized
water should be used.

8.2.1.1 Plant Materials

Plant materials are gencrzlly dried by routine methods
prior to grinding. The temperature of drying is of little

consequence for ashing. However, the 5=m"'e may be
used for multiple determinations—protein, fiber, and
so on—which require consideration of temperature for
drying. Fresh stem and leaf tissue probably should be
dried in two stages (i.c., first at a lower temperature ©

-

-

1) |:|

ct lignin. Plant material with 15% or less moisture

5°C, then 2 higher temperature) especially to prevent
ifa
v be ashed without prior drying.

IS
l
ma

9.2.1.2 Fat and Sugar Products

Animal products, syrups, and spices reguire treat-
ments prior to ashing because of high fat and moisture
(spattering, swelling) or high sugar content (foaming)
that may result in loss of sample.

Meats, sugars, and syrups need to be evaporated to
dryness on & steam bath or with an infrared (IR) lamp
Orne or two drops of olive oil (which contains no ash)
are added to allow steam to escape as a crust is formed
on the product.

Smoking and burning may occur upon ashing for
some ,‘ ocucts (e.g., cheese, seafood spices). Allow
this smoking and bu—nmg to finish slowly by keeping
ti muliie door open prior (o the normal procedure. A
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sample may be ashed after drying and fat extraction. In
most cases, mineral loss is minimal during drying and
fat extraction. Under no circumstances should fat-
extracted samples be heated until all the ether has been
evaporated.

9.2.2 Dry Ashing
9.2.2.1 Principles and Instrumentation

Dry ashing is incineration at high temperature (525°C
or higher). Incineration is accomplished with a muffle
fumace. Several models of muffle furnaces are avail-
able, ranging from large-capacity units requiring either
208 or 240 voltage supplies to small bench-top units
utilizing 110-volt outlets.

Crucible selection becomes critical in ashing be-

cause type depends upon the specific use. Quartz cru-

cibles are resistant to acids and halogens, butnot alkali, -

athigh temperatures. Vycor® brand crucibles are stable
to 900°C, but Pyrex® Gooch crucibles are limited to
500°C. Ashing at a lower temperature of 500-525°C may
result in slightly higher ash values because of less
decomposition of carbonates and loss of volatile salts.
Porcelain crucibles resemble quartz crucibles in their
properties but will crack with rapid temperatures
changes. Porcelain crucibles are relatively inexpensive
and usually the crucible of choice. Steel crucibles are
resistant to both acids and alkalies and are inexpensive,
but they are composed of chromium and nickel, which
are possible sources of contamination. Platinum cru-
cibles are very inert and are probably the best crucibles
but they are currently far too expensive for routine use
for large numbers of samples.

All crucibles should be marked for identification.
Marks on crucibles with a felt-tip marking pen will dis-
appear during ashing in a muffle furnace. Laboratory
inks scribed with a steel pin are available commercially.
Crucibles also may be etched with a diamond point
and marked with a 0.5 M solution of FeCl, in 20% HCIl.
An iron nail dissolved in concentrated HCl forms a
brown goo that is a satisfactory marker. The crucibles
should be fired and cleaned prior to use.

The advantages of conventional dry ashing are that
it is a safe method, it requires no added reagents or
blank subtraction, and little attention is needed once
ignition begins. Usually a large number of crucibles
can be handled at once, and the resultant ash can be
used for such other analyses as most individual ele-
ments, acid insoluble ash, and water-soluble and insol-
uble ash. The disadvantages are the length of time
required (12-18 hr, or overnight) and expensive equip-
ment. There will be a loss of the volatile elements and
interactions between mineral components and cru-
cibles. Volatile elements at risk of being lost include As,
B, Cd, Cr, Cu, Fe, Pb, Hg, Ni, I V, and Zn.

9.2.2.2 Procedures

AQAC Intermational has several dry ashing procedures
(e.g., AOAC Methods 900.02 A or B, 920.117, 923.03) for
certain individual foodstuffs.

The general procedure includes the following
steps:

1. Weigh a 5-10 g sample into a tared crucible.
Predry if the sample is very moist.

2. Place crucibles in cool muffle furmace. Use tongs,

gloves, and protective eyeware if the muffle fur-

nace is warm.

Ignite 12-18 hr (or overnight) at about 550°C.

- Tum off muffle fumace and wait to open it until
the temperature has dropped to at least 250°C,
preferably lower. Open door carefully to avoid
losing ash that may be fluffy.

5. Using safety tongs, quickly transfer crucibles to
a desiccator with a porcelain plate and desic-
cant. Cover crucibles, close desiccator, and
allow crucibles to cool prior to weighing.

i

Note: Warm crucibles will heat air within the desiccator.
With hot samples, a cover may bump to allow air to
escape. A vacuum may form on cooling. At the end of
the cooling period, the desiccator cover should be
removed gradually by sliding to one side to prevent a
sudden inrush of air. Covers with a ground glass sleeve
or fitted for a rubber stopper allow for slow release of a
vacuum,
The ash content is calculated as follows:

wt after ashing
N ¢ 1
% ash (dry basis) = —cwtofcrudble ) ),
original sample wt
x dry matter coefficient
where:

dry matter coefficient = % solids/100

For example, if corn meal is 87% dry matter, the dry
matter coefficient would be 0.87. If ash is calculated on
an as-received or wet-weight basis {includes moisture),
delete the dry matter coefficient from the denominator.
If moisture was determined in the same crucible prior
to ashing, the denominator becomes (dry sample wt -
tared crucible wt).

9.2.2.3 Special Applications

Some of the AOAC procedures recommend steps in
addition to those listed previously. If carbon is still
present following the initial incineration, several drops
of H,0 or HNO; should be added; then the sample
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should be re-ashed. If the carbon persists, such as with
high-sugar samples, follow this procedure:

1. Suspend the ash in water.

2. Filter through ashless filter paper because this
residue tends to form a glaze.

3. Dry the filtrate.-

4. Place paper and dried filtrate in muffle furnace
and re-ash.

Other suggestions that may be helpful and accelerate
incineration:

1. High-fat samples should be extracted either by
using the crude fat determination procedure or
by buming off prior to closing the muffle fur-
nace. Pork fat, for example, can form a com-
bustible mixture inside the furnace and bum
with the admission of oxygen if the door is
opened.

2. Glycerin, alcohol, and hydrogen will accelerate
ashing.

3. Samples such as jellies will spatter and can be
mixed with cotton wool.

4. Salt-rich foods may require a separate ashing of
water-insoluble components and salt-rich water
extract. Use a crucible cover to prevent spatter-
ing.

5. Analcoholic solution of magnesium acetate can
be added to accelerate ashing of cereals. An
appropriate blank determination is necessary.

9.2.3 Wet Ashing
9.2.3.1 Principle, Materials, and Applications

Wet ashing is sometimes called wet oxidation or wet
digestion. Its primary use is preparation for specific
mineral analysis and metailic poisons.

There are several advaniages to using the wet ash-
ing procedure. Minerals will usuaily stay in solution,
and there is little or no loss from volatilization because
of the lower temperature. The oxidation time is short
and requircs a hood, hot plate, and long tongs, plus
safety equipment.

The disadvantages of wet ashing are that it takes vir-
tually constant operator at:ention, corrosive reagents
are necessary, and only small numbers of samples can
be handled at any one time. All work needs to be carried
out in a special fume hood that may be washed. Those
hoods are generally called perchloric acid hoods.

Unfortunately, a single acid used in wet ashing
does not give complete and rapid oxidation of organic
material. Nitric acid with cither sulfuric or perchloric
acids and potassium chlorate or sulfate are used in
varying combinations. Different combinations are rec-

ommended for different samples. Sulfur and nitric
oxides are expelled for complete oxidation. The nitric-
perchioric combination is generally faster than the sul-
furic-nitric procedure. Perchloric acid has a tendency
to explode, so a special perchloric acid hood that has
wash-down capabilities is recommended. The hood
does not contain plastic or glycerol-base caulking com-
pounds.

9.2.3.2 Procedures

The following wet ash procedure for nitrie—perchloric
oxidation is similar to that of the AOAC Method 975.03
for metals in plants:

1. A dried, ground 1-g sample is accurately
weighed into a 150-m! Griffin beaker.

2. Add 10 ml HNO, and allow to soak. If the mate-
rial has a high fat content, allow it to soak
overnight.

3. Add 3 ml of 60% HCIO,, (Precaution: Place a

beaker under pipette tip during transport) and
slowly heat on a hot plate up to 350°C until
frothing stops and HNO; is almost evaporated.

4. Continue boiling until perchloric reaction

occurs (copious fumes), and then place waztch

glass on beaker. Sample should become coior-
less or light straw in color. Do not let Liquid in
beaker reduce to dryness.

Remove beaker from hot plate and let cool.

Wash watch glass with a minimum of distilled,

deionized water and add 10 ml 50% HCL.

7. Transfer to appropriate volumetric flask (usu-
ally 50 ml) and dilute with distilled, deionized
water.

B. Start wash-down procedure for hood after last

sample.

A

An altenate procedure (i.e., as a preparation for iron
analysis in meats) that could be used would be to use -«
2-g sample boiled in 30 ml HNO, on a 350°C hotplate
until 10 ml remain. Then add 10 ml of 60% perchloric
acid and proceed as in step 4 above. Dilute to 100 ml in
a volumetric flask following oxidation.

The wet ashing technique described above is very
hazardous. Precautions for its use are found in the
AOAC methods under “Safe Handling of Special
Chemical Hazards.” Perchloric acid interferes in the
assay for iron by reacting with iron in the sample te
form ferrous perchlorate, which forms an insolublc
complex with the o-phenanthrolene in the procedure. It
should not interfere with atomic absorption spec-
trophotometry.

The following procedure for a modified dry-wet
ash oxidation may be used. It is listed under “Minerals
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in Ready-to-Feed Milk-Based Infant Formula” (AOAC
Method 985.35).

1. Evaporate moist samples (25-50 ml) at 100°C
ovemight or in a microwave drying oven.

2. Heat on a hot plate until smoking ceases.

3. Ashat 325°C for 3-5 hr. -

4. Cool and wet with dvionized distilled water
plus 0.5-3.0 ml HNO,.

5. Dry on a hot plate or steam bath and incinerate
at 525°C for 1-2 hr.

6. Weigh sample after cooling in a desiccator.

7. Repeatsteps 4 and 5 if carbon persists. (Caution:
Some K may be lost with repeated ashing.}

9.2.4 Low-Temperature Plasma Ashing
9.2.4.1 Principles and Instrumentation

The equipment used for low-temperature plasma ash-
ing consists of a glass system with a variable number of
chambers for samples that may be evacuated by a vac-
uum pump. A small amount of oxygen is introduced
that is broken into nascent oxygen by a radiofrequency
electromagnetic field generator. A variable power fre-
quency adjusts the rate of incineration. Air may be
introduced as a gentler incineration procedure to pre-
serve microscopic and structural components such as
calcium oxalate crystals in various leaf tissues.

- 9.2.4.2 Procedures

The specific procedures for each type of low-tempera-
ture plasma ashing instrument may vary. The opera-
tor’s manual should be consulted for proper operation.

The low-temperature plasma ashers usually con-
tain two or more separate glass chambers with glass
boats for holding samples. Intact or ground material is
placed in individual boats, which are inserted into
individual chambers. The chambers are sealed and a
vacuum is applied. Once a vacuum is satisfactory (1
Torr or less), a small flow of oxygen or air is introduced
into the system while maintaining a specific minimum
vacuum. The frequency generator then is activated at a
frequency slightly less than 14 MHz and adjusted by
the amount of wattage applied (50-200 watts) to con-
trol the rate of incineration. Some models contain shak-
ing devices to stir the sample. The progress of ashing
may be viewed through the chambers.

The instrument is not without operational prob-
lems. These are usually due to leaks in the vacuum sys-
tem. Either the seals around the chambers develop a
leak and need to be replaced or breaks occur in the T-
joints (usually plastic in the vacuum system). Those
joints need to be replaced by glass material.

9.2.4.3 Applications

Low-temperature plasma ashing is a variation of dry
ashing. The major advaniage of this method is that there
is less chance of losing trace elements by volatilization
than with classical dry ashing techniques. The low
temperature used with plasma ashers (150°C or less)
generally allows the microscopic and crystalline struc-
tures to remain unaltered. The major disadvantages are
small sample capacity and the expense of the equip-
ment. However, it may be the equipment of choice
under certain circumstances, especially for volatile
salts.

9.2.5 Microwave Ashing

The CEM Corporation (Matthews, NC) has developed
a series of instruments for dry and wet ashing as well
as other microwave digestion series known as “micro-
wave assisted chemistry.” Programmed microwave
wet digesters and muffle fumaces decrease time
whether open or closed vessels are used for ashing a
variety of samples. The systems allow for program-
ming temperatures that can dehydrate, then ash and
exhaust the system. For instance, dry ashing of flour
takes 10~20 min. Wet ashing in a closed system is rapid
and safe.

A comparative study (Zhang and Dotson) showed
that dry ashing for 40 min using the microwave system
was similar to the 4-hr time in a conventional muffle
fumace. Twenty minutes were shown to be adequate
for the plant material used except for Cu determina-
tions, which needed 40 min to obtain similar results.
The microwaving technique can speed up analysis sig-
nificantly, but can be limited in the number of samples
that can be processed at any one time.

9.2.6 Other Ash Measurements
9.2.6.1 Soluble and Insoluble Ash in Water

These measurements are an index of the fruit content of
preserves and jellies. A lower ash in the water-soluble
fractionis an indication that extra fruit is added to fruit
and sugar products.

Use the following procedure to measure soluble
and insoluble ash:

Weigh the total ash.

. Add 10 ml distilled H,O.

. Cover the crucible and heat nearly to boiling.

. Filter on ashless filter paper and rinse with hot
distilled water several times.

Dry and re-ash filter paper at least 30 min.
w;igh and calculate as percent H,O-insoluble
ash.

7. Calculate soluble ash by subtracting insoluble

PR
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ash from total ash or dry the filtrate, re-ash, and
weigh.

9.2.6.2 Ash Insoluble in Acid 7

This ash determination is a useful measure of the sur-
face contamination of fruits and vegetables and wheat
and rice coatings. Those contaminants are generally sil-
icates and remain insoluble in acid, except HBr.

Use the following procedure:

1. Add 25 ml! 10% HCl to total ash or H,O-insolu-
ble ash.

2. Cover and boil 5 min.

3. Filter on ashless filter paper and wash several
times with hot distilled water.

4. Re-ash dried filter paper and residue at least 30
min,

5. Weigh and calculate as a percentage.

9.2.6.3 Alkallnity of Ash

The ash of fruits and vegetables is alkaline (Ca, Mg, K,
Na), while that of meats and some cereals is acid (P, S,
Cl). The alkalinity of ash has been used as a quality
index of fruit and fruit juices. The salts of citric, malic,
and tartaric acids yield carbonates upon combustion.
Phosphates may interfere with this procedure. The
procedure has been used for calculating acid-base bal-
ance, but its value in dietary calculations is question-
able.

The following procedure is used to determine alka-
linity of ash:

1. Place ash (tota] or water-insoluble ash) in plat-
inum dish and accurately add 10 m] of 0.1 N
HCL ’

2. Add boiling H-O if necessary and warm on a
stcam bath.

3. Cooland transfer to an Erlenmeyer flask.

4. Titrate the excess HCl with 0.1 N NaOH using
methy! orange as ar indicator.

5. Expressinterms of mlof 1 Nacid/100-g sample.

Alkalinity of insoluble ash can be determined by
titrating directly with 0.1 v HCl using methyl orange.
Express as described previously.

8.3 COMPARISON OF METHODS

Ashing by any one of three methodologies (dry ashing,
wet ashing, low-temperature plasma ashing) requires
expensive equipment, especially if a large number of

samples is analyzed. The muffle furnace may have to
be placediin 2 heat room along with drying ovens and
it requires a 220-volt outlet. It is important to make sure
large furnaces of that type are equipped with a double-
pole, single-throw switch. Heating coils are generally
exposed, and care must be taken when taking samples
in and out with metal tongs. Desk-top furnaces (110
volts) are available for fewer samples. Wet ashing by
the nitric acid method or nitric-sulfuric acid combina-
tion requires a hood and corrosive reagents. It also
requires constant operator attention. There are several
digesters currently available for wet ashing, including
microwave ovens and bomb colorimetry. Microwave
technology currently is being assessed and compared
to standard wet and dry ashing equipment and proce-
dures. Those may be viable alternatives to a perchloric
acid hood (which is expensive) even though the nitric-
perchloric acid method is rapid. The low-temperature
plasma asher requires a large vacuum pump in addi-
tion to the investment in the asher. Obviously, the tvpe
of further elemental analyses will dictate the equip-
ment. Some micro- and most volatile elements will
require special equipment and procedures. While wet
oxidation and plasma ashing cause little volatilization,
dry ashing will result in the loss of volatile elements.
Refer to Chapter 10 for specific preparation procedures
for elemental analyses. :

9.4 SUMMARY

Three major types of ashing have been described: dry
ashing, wet oxidation (ashing), and low-temperature
plasma ashing. The procedure of choice depends upon
the use of ash following its determination. Dry ashing,
the method most commonly used, is based upon incin-
eration at high temperatures in a muffle furrace.
Except for certain elements, the residue may be used
for further specific mineral analyses. Wet ashing {oxi-
dation) is used in meat and meat products as a prepa-
ration for specific elemental analysis by simulizne-
ously dissolving minerals and oxidizing all org.nic
material. Low-temperature plasma ashers incinerate
organic matter in a partial vacuum by {urniing fusoent
oxygen with a radiofrequency electromagnctic fieid
generator. Highly volatile elements arc prescrved by
this method. Wet ashing and low-temperature plasma
ashing conserve volatile elements but are expensive,
require operator time, and are limited to a smail num-
ber of samples. Dry and wet ashing using microwave
technology offers 2 new, rapid method that requires lit-
tle additional equipment (special fume hood) or space
(heat room). Three post-ashing procedures (soluble
and insoluble ash in water, ash insoluble in acid, and
aikalinity of ash) are special measurements for certain
foods.
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9.5 STUDY QUESTIONS

. [dentify four potential sources of error in the preparation
of samples for ash analysis. and describe a way to over-
come each.

. You are determining the total ash content of a product
using the dry ashing method. Your boss asks you to switch
to a wet ashing muthod because he/she has heard it takes
less time than dry ashing.

a. Do you agree or disagree with your boss concerning
the time issue, and why?

b. Not considering the time issues, why might you want
to continue using dry ashing, and why might you
change to wet ashing?

3. Your lab technician was to determine the ash content of
buttermilk by dry ashing. The technician weighed 5 g of
buttermilk into one weighed platinum crucible, immedi-
ately put the crucible into the muffle fumace using a pair

3

of all stainless steel tongs, and ashed the sample for 48 hr

at 800°C. The crucible was removed from the muffle fur-

nace and set on a rack in the open until it was cool enough

to reweigh. Itemize the instructions you should have
given your technician before beginning, so there would
not have been the mistakes made as described above.

4. Differentiate low-temperature plasma ashing from con-
ventional dry ashing with regard to principle and appli-
cations.

5. How would you recomunend to your technician to over-
come the following problems that could arise in dry ash-
ing various foods?

a. You seem to be getting volatilization of phosphorus,
when you want to later determine the phosphorus con-
tent.

b. You are getting incomplete combustion of a product
high in sugar after a typical dry ashing procedure (i.e.,
the ash is dark colored, not white or pale gray).

c. The typical procedure takes too long for your purpose.
You need to speed up the procedure, but you do not
want to use the standard wet ashing procedure.

d. You have reason to believe the compound you want to
measure after dry ashing may be reacting with the
porcelain crucibles being used.

e. You want to determine the iron content of some foods
but cannot seem to get the iron solubilized after the dry
ashing procedure.

6. Identify an advantage and disadvantage of using
microwave wet digesters or microwave muffle furnaces
compared to conventional units.

7. Explain two special ash measurements that can be useful
for estimating the quality of fruits and fruit products.

9.6 PRACTICE PROBLEMS

1. A grain was found to contain 11.5% moisture. A 5.2146-g
sample was placed into a crucible (23.5053 g tare). The
ashed crucible weighed 28.5939 g. Calculate the percent-
age ash on (a) an as-received basis and (b) a dry-matter
basis.

2. A vegetable (23.3000 g) was found to have 0.0940 g acid
insoluble ash. What is the percentage acid insoluble ash?

3. You wish to have at least 100 mg ash from a cereal grain.
Assuming 1.5% ash on average, how many grams of the
grain should te weighed for ashing?

4. You wish to have a coefficient of variation (CV) below 5%
with your ash analyses. The following ash data are
obtained: 2.13%, 2.12%, 2.07%. Are these data acceptable,
and what is the CV?

5. The following data were obtained on a sample of ham-’
burger: sample wt, 2.034 g; wt after drying, 1.0781 g; wt
after ether extraction, 0.4679 g; and wt of ash, 0.0233 g.
What is the percentage ash'on (1) a wet weight basis and
(b) a fat-free basis?

Answers
L. (2) 1.70% (b) 1.92%. 2.04%. 3.4 g. 4. Yes, 1.9%. 3. (a) 11", {b)

1.57%.
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10.1 INTRODUCTION

Moderm instrumentation has made it possible to quan-
titate an entire spectrum of minerals in one process.
Scme instruments are capable of detecting mineral
concentrations in the parts per billion range. Instru-
mentation capable of such analysis is expensive and
beyond the financial resources of many quality assur-
ance laboratories. Large numbers of samples to be ana-
lyzed may justify the automation of some routine
analyses and perhaps the expense of some of the mod-
em pieces of equipment. The requirements for only
occasional samples to be analyzed for a specific min-
eral, however, will not justify the initial costs of much
instrumentation. This leaves the options of (1) sending
samples out to certified laboratories for analysis or (2)
utilizing one of the more traditional methods for analy-
sis. Traditional methods generally require diemic;is
and equipment that are routinely available in an ana-
lytical laboratory.

In this chapter, the nutritional need for minerals,
their roles in processed food, and methods for analysis
- of minerals involving gravimetric, titrimetric, and col-
orimetric procedures, and ion detective electrodes are
described. Procedures for analysis of minerals of major
nutritional or food processing concern are used for
illustrative purposes. For additional examples of tradi-
tional methods currently in use, refer to references
(1-3). Slight modifications of these methods are often
needed for specific foodstuffs to minimize interfer-
ences or to be in the range of analytical accuracy. Meth-
ods for water, plant, or animal foodstuffs are reported
here. For analytical requirements for specific foods see
the Official Methods of Analysis of AOAC International,
or other official methods.

10.1.1 Importance of Minerais in the Diet

Approximately 98% of the calcium and 80% of the
phosphorus in the human body are found in the skele-
ton. Sodium, potassium, calcium, and magnesium are
minerals involved in neural conduction and muscle
contraction. Hydrochloric acid in the stomach greatly
influences solubility and consequently absorbability of
many minerals from foods in the diet. Calcium, phos-
phorus, sodium, potassium, magnesium, chlorine, and
sulfur make up the dietary macro minerals, those min-

erals required at more than 100 mg per day by the adult

(4). Each of these minerals has a specific function in the
body. Physical malfunctions occur if these minerals are
not provided in the diet on a regular basis.

An additional 10 minerals are required in mil-
ligram quantities per day and are referred to as trace
minerals (4). These include iron, iodine, zinc, copper,
chromium, manganese, molybdenum, fluoride, sele-

nium, and silica. Each of these minerals have specific
biochemical roles in maintaining body functions. Iron,
for example, is part of the hemoglobin and myoglobin
molecules involved in oxygen transport to and within
the cells.

There is also a group of minerals called ultra trace
minerals that are being investigated for possible bio-
logical function, but that currently do not have clearly
defined biochemical roles. These include vanadium,
tin, nickel, arsenic, and boron.

Some mineral elements have been documented to
be toxic to the body and should, therefore, be avoided
in the diet. These include lead, mercury, cadmium, and
aluminum. Essential minerals such as fluoride and
selenium also are known to be harmful if consumed in
excessive quantities, even though they do have benefi-
cial biochemical functions at proper dietary levels.

Water, which is the nutrient required in the diet in
the largest quantity (2-3 liters for an adult per day),
may be obtained from drinking water, other beverages,
foods, or as a by-product of metabolism of energy
nutrients. Water as a beverage for drinking is seldom
pure water but contains minerals, the composition of
which depends on the water source. Thus drinking
water may be a significant dietary source of some min-
erals. The introduction of fluoride in culinary water
supplies, for example, has reduced the incidence of
decayed, missing, and filled teeth in 10- to 12-year-old
school children by about 70% in communities that have
fluoridated their water supply at0.7-1.0 ppm fluoride.

10.1.2 Minerals in Food Processing

Some minerals are inherent in natural foodstuffs. For
example, milk is a good source of calcium, containing
about 300 mg of calcium per 8-ounce cup. In some
cases, salt is added in processing to decrease water
activity and act as a preservative, thus increasing sig-
nificantly the sodium content of products such as
bacon, pickles, and Cheddar cheese. The enrichment
law for flour requires that iron be replaced in white
flour to the level at which it occurred naturally in the
wheat kemel before removal of the bran. Fortification
of foods has allowed addition of minerals into some
foods above levels ever expected naturally. Prepared
breakfast cereals often are fortified with minerals such
as calcium, iron, and zinc, formerly thought to be lim-
ited in the diet. Fortification of salt with iodine has
almost eliminated goiter in the United States.

Some processing of foods results in decreased min-
eral content. A large portion of the phosphorus, zinc,
manganese, chromium, and copper found in a grain
kernel is in the bran layer. When the bran layer is
removed in processing, these minerals.are removed.
Direct acid cottage cheese is very low in calcium
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because of the action of the acid causing the calcium
bound to the casein to be freed and consequently lost in
the whey fraction.

Water is an integral part of food processing. It is
used for washing, rinsing, blanching, cooling, and as
an ingredient in formulations. Microbiological safety
of water used in food processing is very important.
Also important, but generally not appreciated by the
consuming public, is the mineral content of water used
in food processing. Waters that contain excessive min-
erals can result in clouding of beverages. Textural
properties of fruits and vegetables can be influenced by
the “hardness” or “softness” of the water used in their
processing. Thus, water quality is a major factor to be
considered in the food processing industry.

The mineral content of foodstuffs is, therefore,
important because of nutritional value, toxicological
potential, and proper processing function and safety of
some foods.

10.2 BASIC CONSIDERATIONS

Some sample preparation is required for traditional
methods of mineral analysis. Methods used in sample
preparation can remove interference for some analy-
ses, add contaminants, or cause a loss of volatile ele-
ments. Proper handling of samples prior to the final
analysis is very important for obtaining reliable analyt-
ical results for mineral content of foodstuffs.

10.2.1 Sample Preparation

Methods such as near infrared and neutron activation
allow for mineral estimation without destruction of the
carbon matrix of carbohvdrates, fats, protein, and vita-
mins that make up foods. However, traditional meth-
ods generally require that the minerals be freed from
this organic matrix in some manner. Chapter 9 de-
scribes the various methods used to a2sh foods in prepa-
ration for determination of specific mineral compo-
nents of the food. Water samples are in a form such that
minerals may be determined without further prepara-
tion.

A major concern in mineral analysis is contamina-
tion. Soivents such as water can contain significant
quantities of minerals. Therefore, all procedures
* involving mineral analysis require the use of the purest
reagents available. In some cases, the cost of ultrapure
reagents may be prohibitive. When this is the case, the
alternative is to always work with a reagent blank. A
reagent blank is a sample of reagents used in the sam-
ple analysis, quantitatively the same as used in the
sample but without any of the material being analyzed.
This reagent blank, representing the sum of the mineral

contamination in the reagents, is then subtracted from
the samples as they are quantitated.

10.2.2 Interferences

Factors such as pH, sample matrix, temperature, and
other analytical conditions and reagents influence the
ability of an analytical method to be used accurately to
quantify a mineral. This is very clearly illustrated by
the Parks, Hood, Hurwitz, and Ellis scheme of 12 inor-
ganic elements as reviewed by Winton and Winton (5).
In this scheme, molybdenum, manganese, iron, and
phosphorus are determined on a dilute hydrochloride
acid solution of a nitric acid-perchloric acid wet digest
sample of food sample. An alkaline dithizone extrac-
tion then is used to separate sulfur, calcium, magne-
sium, potassium, and sodium for further individual
analysis. An acid dithizone extraction then is used for
separation of zinc, cobalt, and copper, which can be
quantitated individually.

If interferences are suspected, it is a common prac-.
tice to use a sample matrix for standard curve prepara-
tion. A sample matrix standard is made up of elements
known to be in the sample at the same Jevel at which
they exist in the sample. For exampie, if a food sample
was to be analyzed for calcium content, & solution of
the known levels of sodium, potassium, magnesium,
and phosphorus would be used to make up the cal-
cium standards for developing the standard curve. If
the major minerals known to exist are used to make up
the background solution for the standards, then the
standard solutions more closely resemble the samples
in solution. If there are interferences among the major
minerals, the impact in the standards and the samples
should be similar if a sample matrix is used. For some
minerals, there are specific interfering substances that
must be suppressed for accurate analysis.

10.3 METHODS

10.3.1 Gravimetric Analysis
10.3.1.1 Principles

Insoluble forms of minerals are precipitated, rinsed,
dried, and weighed to estimate mineral content using
gravimetric procedures. Gravimetric analysis is based
on the fact that the constituent elements in any pure
compound are always i;. the same proportions by
weight. For example, NoC. is always 39.3% sodium. In
gravimetric analysis, the desired constituent is sepa-
rated from contaminating substances by selective pre-
cipitation and then rinsing to minimize any adhering
or trapped clements. The precipitated compound then
is dricd and waghed. The weight of the mineral ele-
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ment is the same proportion of the weight of the com-
pound as it is of the compound formed in the precipi-
tated complex. Chloride, for example, is often precipi-
tated as silver chioride. The silver chloride is rinsed,
dried, and weighed. The weight of the chloride then
can be calculated from the weight of the silver chloride
because chloride is 24.74% of the molecular weight of
silver chloride. :

10.3.1.2 Procedure—Modified Gravimetlric
Determination of Calcium
(AOAC Method 910.01)

Calcium can be determined by ashing a sample of
known weight, solubilizing the ash in HCI, then
adding ammonijum oxalate to precipitate calcium as
the oxalate. The precipitated calcium oxalate (CaC,0,)
is washed repeatedly and then converted to calcium

oxide {Ca0O) by a second ashing step. The weight of the -

CaOis used to calculate the calcium content of the sam-
ple (MW Ca/MW CaO = 0.7147).

10.3.1.3 Applications

Gravimetric procedures are best suited to large sample
sizes and are limited generally to foods that contain
large amounts of the element to be determined. Proce-
dures using silver nitrate have been used to quantitate
chloride. Most trace elements are in such low quanti-
ties in foods that gravimetric procedures are too insen-
sitive to be of analytical value.

A disadvantage of the gravimetric procedure is the
extra time involved in the second ignition where
CaC,0, is converted to CaQ. Also, repeated washing of
the CaC,0, precipitate tends to cause some solubiliza-
tion. However, coprecipitation of other minerals neces-
sitates the rinsing steps.

10.3.2 EDTA Complexometric Titration
10.3.2.1 Principles

There are a number of carboxylic acids containing ter-
tiary amines that form stable complexes with a variety
of metal ions. Ethylenediaminetetraacetic acid
(EDTA) is the most important of this class of reagents
referred to as versenes. The disodium salt, usually
written as Na,H,Y, is available in high purity as the
dihydrate. Since EDTA has both donor nitrogen and
donor oxygen atoms, it can form as many as six five-
membered chelate rings and forms complexes with
practically all metals except the alkali metals of group
L

In general, 1:1 complexes are formed between
EDTA and metallic ions. Typical reactions could be

surmmarized as:

m®* + H,Y* = mY> + 2H* )
m> + H,Y™ — mY +2H* 2]
m** + H,Y* = mY + 2H* (3]

Obviously, pH will greatly influence the complex for-
mation. The EDTA complexes are highly stable and
therefore can be used for volumetric analysis.

10.3.2.2 Procedure—{alcium Determination
Using EDTA Titration (AOAC Method 968.31)

Calcium content of foods can be determined by com-
plexing calcium with EDTA in a titration procedure
(Fig. 10-1). The standard curve should be established
before running a sample to be certain of the endpoint
color.

10.3.2.3 Applications

EDTA complexometric titration is suitable for fruits
and vegetables and other foods that have calcium

CALCIUM-EDTA TITRATION

Pipette an aliquot of disselved ashed sample expected 1o contain
: 2-10 mg of calcium into a 250-mt beaker.
4
Dilute to 50 m} and adjust pH lo 12.5~13.0 by dropwise addition of
KOH-KCN solutions (dissalve 28 g KOH and 6.6 g KCN in 100 mi
of d H,O) while stirring with a magnetic stirrer.
H
Add 100 mg of ascorbic acid and about 250 mg of
hydroxynaphthoi blue indicator.
1l
Titrate immediatety with 0.01 M EQTA sciulion (dissolve 3.72 g of
NayH, EDTA-2H,0, 99+% purity. in d H,O in a T-liter vol. Nask.
Dilute to volume and mix), The endpoint in this titration is a deep
blue and point.

Standard Curve

Prepare and litrate standard soiutions containing 2.5, 5.0, 7.5, and
10.0 my of calcium 1o cevelop a standard curve:

Ory primary standard grade calcium carbonate for 2 hr at 285°F.
3
Weigh out 2.5 g of the dried caicium carbanate and transler
quantitatively into a 1-liter vol. flask.
3
Dissolve the calcium cartonate in 50 ml of 3 NHCL.

3
Dilute to volume with d H,0 and thoroughly mix, Samples of 2.5,
5.0, 7.5 and 10 miof this sclution represent 2.5, 5.0, 7.5, and 10
myg cf calcium, resgectively.

Procedure for calcium determination’ by EDTA
titration. AOAC Method 968.31). [Adapted
from {1).]

10-1
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without appreciable magnesium or phosphorus. Phos-
phorus may be removed by passing the ashed material
through an Omberlite IR-4B resin bed at pH 3.5 prior to
adjusting the base for titration. Using calmagite as an
indicator, magnesium content of the sample can be cal-
culated by difference (AOAC Method 967.30).

10.3.3 Redox Reactions
10.3.3.1 Principles

The basis of many analytical methods is an oxida-
tion—reduction reaction. The reaction of a substance
with oxygen is defined as oxidation. Therefore, a
reduction is the removal of oxygen. As we now know,
oxidation is actually the removal of electrons from an
atom, while reduction is the gain of electrons. Other
reactions that do not involve oxygen involve the loss or
gain of electrons. Any reaction that results in an
increase in positive charge is termed oxidation, while
any reaction that decreases positive charge is termed
reduction whether or not oxygen is involved.

Since electrons cannot be created or destroyed in
ordinary chemical reactions, any oxidation must be
accompanied by a corresponding reduction. All oxida-
tion-reduction reactions can be considered to be the
reaction of an oxidizing agent with a reducing agent.
Such reactions cause the oxidizing agent to be reduced
and the reducing agent to be oxidized.

In some oxidation-reduction titrations, a colored
reactant or product can act as the indicator. Perman-
ganate ion is a deep purple, while manganous ion is a
very pale pink. Thus, permanganazte titrations have a
built-in indicator.

10.3.3.2 Procedures

10.3.3.2.1 Calcium Determination Using Redox Titra-
tion (AOAC Method 921.01) Phosphates and magne-
sium tend to interfere with the analysis for calcium.
Therefore, n: deseribed in the gravimetric procedure
(secrion 10.2.1.2), calcium often is precipitated as an
oxalate in the redox titration procedure to minimize the
presence ¢f interfering minerals in the fina) titration
solution. As in the gravimetric method, the redox titra-
tion method has the disadvantage of requiring the pre-
cipitation and the washing of calcium oxalate. In the
redox titration procedure, the precipitated and washed
~ calcium oxalate then is solubilized in H,SO,, heated,
and fitrated with potassium permanganate to a slight
pink endpoint. The volume and normality of the titrant
are used to determine the calcium content of the sam-

ple.

10.3.3.2.2 Iron Determination Using Redox Reaction
and Colorimetry (AOAC Method 944.€2) There are 2

number of organic compounds that effectively func-
tion as redox indicators. These compounds form stable
colors that can be quantitated colorimetrically by mea-
suring light absorbance at characteristic wavelengths.

Iron is quantitated by its ability to complex with
organic compounds, resulting in formation of colored
products proportional to the iron content (Fig. 10-2}).
All glassware must be acid washed and triple rinsed in
distilled water to avoid iron contamination. Because
many reagents contain small amounts of iron, it is
important always fo use a reagent blank for iron deter-
minations.

10.3.3.3 Applications

Generally, redox reactions have been of limited use for
quantitating metals in foods. Calcium, iron, copper,
and iodine concentrations have been determined using
this approach. Determination of iron in foods using
this method appears to have some advantages over
atomic absorpHon spectroscopy (see Chapter 28). .
Higher recovery from spiked samples and closer match
to a wider variety of National Institute of Standards
and Technology (formerly known as the National
Bureau of Standards) samples have been observed for
iron analyzed using this redox colorimetric method
compared to atomic absorption spectroscopy.

Redox methodology is used widely for quantita-
tion of elements and compounds in the food incdustry.
For example, AOAC Method 990.28 uses a redox titra-
tion to determine sulfites in foods. With the current
awareness of individual sensitivity to sulfites, the food
service industry, in particular, is checking for sulfites
on fresh produce. AOAC Method 967.21 uses the redox
indicator 2, 6-dichloroindophenol to determine ascor-
bic acid by titraton. ‘

10.3.4 Precipitation Titration
10.3.4.1 Principles

When at Jeast one product of a titration reaction is an
inscluble precipitate, it is referred to as precipitation
titrimetry. Few of the many gravimetric methods,
however, can be adapted to yield accurate volumctric
methods. Some of the major factors blocking the acap-
tation are (1) time to complete a reaction, resulting in a
complete precipitation of the compound being formed;
(2) failure of the reaction to yield a single product of
definite composition; and (3) Jack of an endpoint indi-
cater for the reaction,

The potential of precipitation titration has resulted
in at least two methods that are used widely in the food
industry today. The Mohr method for chloride deter-
m:nation is based on the formation of an orange-col-
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IRON —~REDOX TITRATION

Weigh into a clean. dried crucible a food sample expected (o
contain $0-500 ng of iron.

Add 10 ml of a glycerol—etharcl {1:1) Mixture and dry over a low
heat o avoid splattering.

3
Ash for 23 hr at 800°C.

!
After cooling add 1 mi conc. nitric acid and then evaporate to

dryness.

Return to the muifle furnace at 6C0°C for 1 hr o completely
eliminala carbon particles.

]
Cool and add 5 mi of 6§ N HC {0 the ash.
Heat in a steamn bath for 15 min,

Filter through a hardened litter paper into a 100-mt vol, flask with at
least three rinsings with hot d H,O.

Diluta to volume after aflowing to reach room lemperature.

Pipette a 10-mi aliquot of the disscived ash sotution into a clean
25-mj vol. Hask.

I
Add 1 mi of a 10% solution of hydroxylamine hydrochicride.
Allow to stand after mixing for a few minutes.

¢
Add 5 mi of acetate buifer. (Made by dissolving 8.3 g of sodium
acetate in 20 mf of water in a 100-mi vol. flask, adding 12 ml of
acelic acid, and diluting to volume. )
i
Add as a color ceveloping agent 1 mil of 0. 1% orthophenanthroline
cr 2ml of 0.1% a, a-dipyridyl soiutian.
U

Dilute to valume with mixing.
Aliow to stand for 30 min.

Read absorbance at 510 nm.

Standard Curve

Make an iron standard stock solution of 100 ppm by dissolving 0.1
g of analytical grade iron wire in 20 mt of conc. HCI and diluting to
1 liter.
]

Prepare working standards by pipetting 0, 2.0, 5.0, 10.0, 15.0,
20.0, 25.0. 30.0, 35.0, 40.0, and 45.0 ml of the standard stock
solution plus 2 mi of cong. HC! into 100-mi vel. flasks and diluling

. o velume.

!
10 ml of e2ach of these working standards should be trealeq as the
10 ml of samples in the analytical procedura above.

§
Plot the standard curve and use it 1o calculate iron concentration in
your sample.
10-2 Procedure for iron determination using redox
h reaction and colorimetry. AOQAC Method
9.44.02. [Adapted from (1).]

ored solid, silver chuomate after silver from silver
nitrate has complexed with all the available chioride.

Ag" + ClI" — AgCl (until all CI" is complexed) [4]

2ag° + CrO,* — Ag,CrO;
{orange oniy after
CI' is all complexed) [5]

The Volhard Method is an indirect or back-titra-
tion method in which an excess of a standard solution
of silver nitrate is added to a chloride-containing solu-
tion. The excess silver nitrate is then back-titrated
using a standardized solution of potassium or ammo-
nium thioryinate with ferric ion as an indicator. In a
back-titration such as the Volhard method, the excess
silver is then back-titrated to calculate the amount of
chloride that precipitated with the silver in the first
steps of the reaction.

Ag' + CI" - AgCl (until all CI” is complexed) [6]

Ag® + SCN™ — AgSCN (to quantitate silver
not complexed with chloride) (7]

SCN" + Fe*? ~» FeSCN (red when
there is any SCN™ not complexed to Ag™) (8]

10.3.4.2 Procedures

10.3.4.2.1 Mohr Titration. of Salt in Butter {ACAC
Method 960.29) Salt in foods may be estimated by
titrating the chloride ion with silver (Fig. 10-3). The
orange endpoint in this reaction occurs only when all
chloride ion is complexed, resulting in an excess of sil-
ver to form the colored silver chromate. The endpoint
of this reaction is therefore at the first hint of an orange
color. When preparing reagents for this assay, use
boiled water to aveid interferences from carbonates in
the water.

10.3.4.2.2 Volhard Titration of Chioride in Plant Mater-
ial (AOAC Methaod 915.01) In the Volhard method
(Fig. 10-4), water must be boiled to minimize errors
due to interfering carbonates, since the solubility prod-
uct of silver carbonate is greater than the solubility
product of silver chloride. Once chloride is determined
by titration, the chloride weight is multiplied by 1.648
to obtain salt weight, if salt content is desired.

10.3.4.3 Applications

Gravimetric titration methods are well suited for any
foods that may be high in chlorides. Because of added
salt in processed cheeses and meats, these products
should certainly be considered for using this method to
detect chloride; then salt content is estimated by calcu-
lation. The Quantab chloride titration used in AOAC
Method 971.19 is an adaptation of the principles
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SALT—MOHR TITRATION
Weigh about 5 g of butter into 250-ml Erlenmeyer flask and add
100 mi of beiling H,0.

]
Let stand 5-10 min with occasional swirling.
. )
Add 2 ml of a 5% solution of K,CrO, in d H;0.

)
Titrate with 0.1 N AgNOQ, standardized as below until an orange-
brown color persists for 30 sec.

Standardization of 0.1 N AgNO,
Accurately weigh 300 mg of recrystallized dried KCI and transier
to a 250-ml Erlenmeyer flask with 40 ml of water,

|
Add 1 ml of K,CrO, solution and titrate with AGNO, solution until
first perceptible pale red-brown appears.
)

From the itration volume sublract the milliliters of the AQNO,
solution required to produce the end point color in 75 ml of water
containing 1 ml of K,Ca0,. .
3
From the next volume of AgNQ, calculate normality of the AGNQO,

mg KClI
ml AgNCO, x 74.555 g KCl/mole

Normality AgNO, =

Caiculating Salt in Butter

mi 0.1 NAGND, x 0.585
g of sample

[0.585 = (5B.5 g NaClimole)/100)

Percent salt =

Procedure of Mohr titration of salt in butter.
AOAC Method 960.29. [ Adapted from (1}.]

involved in the Mohr titration methods. This adapta-
tion allows for very rapid quantitation of salt in food
products. The Quantab adaptation is accurate to £10%
over a range of 0.3-10% NaCl in food products.

10.3.5 Colorimetric Methods
10.3.5.1 Principles

In the visible region of the electromagnetic spectrum,
certain wavelengths are absorbed and others are
reflected from an object. The reflected wavelength
range is the color we sce. In the colorimetric methods,
a chemical reaction must result in a stable color that
develops rapidly and is the result of a single colored
product. The color-forming reaction should be selec-
tive for the mineral being analyzed.

As a color intensity increascs, less light is able to

pass through a solution. As the light passes through a

longer pathway of the solution, there is also less lght
transmitted. Beer’s law, which defines these relation-
ships, is explained in detail in Chapter 26.

With the ability to quantitate light transmitted

through a solution, or conversely, light absorbed by a
solution, it is possible to determine concentrations of
reacting substances. This principle has been used to
develop methods for determining concentration of
many minerals.

10.3.5.2 Procedure—Determination of
Phosphorus By Colorimetry
(AOAC Method 986.24)

The color intensity of phosphomolybdovanadate can
be quantitated spectrophotometrically as shown in Fig.
10-5. This is only one of many methods described using
the phosphomolybdate reaction. This procedure has
the advantage of producing a more stable color than
most and therefore is preferred.

10.3.5.3 Applications

Colorimetry is used for a wide variety of minerals. The
example of iron determination given as an example of
oxidation~reduction reaction is quantitated using col-
orimetry. An oxidaton-reduction reaction is, however, -
involved in the color development.

Some detergents contain phosphorus. It is neces-
sary to thoroughly rinse all glassware carefully at least
three times with distilled water to avoid contamination
in determination of phosphorus by colorimetry.

10.3.6 lon-Selective Electrodés
10.3.6.1 General Information

The concept of measuring [H*] is considered in Chap-
ter 7. One must question whether this application of
potentiometry can be used in the measurement of other
ions. It is only in recent years that much attention has
been given to this question. Indeed, many electrodes
have been' developed for the direct measurement of
various cations and anions, such as bromide, calcium,
chloride, fluoride, potassium, sodium, and sulfide.
There are even electrodes available for measuring dis-
solved gases, such as ammonia, carbon dioxide, and
oxygen. While some of these methods are limited in
their application due to interference from other ions, i
often is possible to overcome this problem by pHi
adjustment, reduction of the interferent, or removai of
the interferent by complexing or precipitation.

Varying the composition of the glass in a glass elec-
trode is one means of changing the sensitivity of the
glass membrane to other jons. An electrode membranc
containing 71% SiQ,, 119 Na,0O, and 18% Al.O; is sen-
sitive to potassium.

A typical glass membrane sodium-indicating
clectrode operates in the range of 1-107 M or 23,000 to
0.023 ppm. Interferences from silver, lithium, potas-
sium, and ammerdum ions are a possibility. Response



Chapter 10« Mineral Analysis

159

SALT—VOLMARD TITRATION

Moisten 5-g sample in crucible with 20 mi ot 5% Na, CQ, in wwater.
Evaporate io dryness.
Char on a kot plate under g hood urtl smcking sicps,
Combust at SgO"C tar 24 hr.
Dissolve residue inJ10 mic! 5 NHNQ,.
Dilute to 25 rgl with d #,0.
4

Titrate with standardized AgMO, solution (from the Mohr method) until white AGCY stops precipitaling and then add a shight excess.

§

Stir well, filter through a retentive filter paper, and wash AgCI thoroughiy.

!

Add 5 mi of a saturated solution of FeNH,(SQ,),- 12H,0 to the combined lirate and washings,

]

Add 3 mi of 12 NHNO, and litrate excess silver with 0.1 A potassium thiocyanate.

Standardization of Potassium Thiocyanate Standard Solutlon

Determine warking titer of the 0.1 N potassium thiocyanate standard solution Dy accurately measuring 40-50 mil of the standard AgNO, and
adding it ta 2 mi of FeNH,(SQ,), 12H,0 indicator scolution and 5 mi of 9 N HNO,.
i

Titrate with thiocyanate soiution until solution appears pale rose after vigorous shaking.

Caleutating Cl Concentration

Net volurmne of the AgNQO, = Total volurme AgNG, added - Voluma titrated with thiocyanate

1 mi of 0.1 M AgNQO, = 3.506 mg chicride

Procedure for Volhard titration of chloride in plant material. ACAC Method 915.01. {Adapted from (1).]
| figurs |

time is less than 30 sec. Combination polymer-body
sodium ion-selective electrodes also are available, a
calomel reference half-cell being used in this system.
Solid-state ion-selective electrodes also are avail-
able. These electrodes do not use a glass-sensitive
membrane. Instead, the active membrane consists of a
single inorganic crystal treated with a rare earth. The
fluoride electrode serves as a good example, consisting
of a crystal of lanthanum chloride treated with
europium, yhich permits ionic charge transport and
lowered ¢ ical resistance. Fluoride concentrations
of 0.02 ppni Hray be detected with this electrode. Other
commonly used solid-state ion-selective electrodes are
available. For example, bromide can be detected at con-
centrations of 0.04 ppm and chloride at 0.178 ppm.
Response time for all the solid-state electrodes is less

than 30 sec. These electrodes also are subject to inter-

ferences from various anions.

In addition to the various glass membrane and
solid-state electrodes, it should be noted that there are
other types of these electrodes, such as precipitate-
impregnated, liquid-liquid membrane, and even en-
zyme electrodes. The use of gas-sensing electrodes is
also increasing. These electrodes possess a gas-perme-
able membrane and a combinatien pH electrode with

internal buffer solution. Upon passing through the
membrane, the gas dissolves in a thin layer of buffer
solution that surrounds the combination pH electrode.
The dissolved gas causes the pH of the solution to
change, and the combination electrode detects this
change. Ammonia, carbon dioxide, sulfur dioxide, and
oxygen can be measured by this type of electrode.

10.3.6.2 Activity Versus Concentration

In using ion-selective electrodes, the concept of activity
versus concentration must be considered. Activity is a
measure of chemical reactivity, while concentration is
a measure of all forms (free and bound) of ions in solu-
tion. Due to interactions of ions with themselves and
with the solvent, the effective concentration or activity
is, in general, lower than the actual concentration.
Activity and concentration are related by the following
equation:

A=VC 9]
where:
A= acb'.vity
V = activity coefficient

C = concentration



160

Partll » Chemical Composilion and Characteristics of Foods

PHOSPHORUS~—COLORIMETRIC ASSAY
Ash a 2-g sample for 4 hr at 600°C.

8
Cool; add § ml of 6 N HC! and severaldrops of nitric acid.
Heat to dissolve the ash completely.

Cool and transfer to a 100-ml vol. flask and dilute 10 volume
with d H,0.
4
Pipette an aliquot expectad to contain 0.5-1.5 mg of phosphorus
into a 100-m! vol. flask.

!

Add 20 mt of molybdovanadate reagent. (This reagent is prepared
by dissolving 20 g of ammonium molybdate in 200 mt of hot H,0,
then dissolving 1 g of ammonium meta vanadate in 125 mi of hot

H,0 to which when cooled is added 140 mi of conc. nitric acid.

The cooled molybdate and vanadate solutions are then combined
and diluted to 1 liter.)

)

Dilute the sample and the molybdovanatate reagent to 100 ml.
!

Allow the color to gevelop for 10 min.
4
Read the absorbance at 400 nm against a phosphorus
standard curve.

Preparation of Standard Curve
Make a stock standard solution of 2 mg P/ml by weighing 8.7674 g
of KH,PO, that has been driec at 105°C for 2 hr.

i
Quanititatively transier to a 1 liter vo!. flask and add about 755 mi of
d H,0 fo dissolve.

Dilute 10 volume with .0
¢

Store relrigerated until uce.
1
Make a working standard solution containing 0.1 mg
phospherus/mi by diluting 50 mf of the stock solution to 1 liter
|
Transier aliquots of the working standard solution of 0, 5, 8. 10,
and 15 mt to freshly rinsed 100-mi vol. flasks. (These represent 0,
0.£.0.8, 1.0, and 1.5 mg of phosphorus, respectively )

AdZ 20 ml of the iolybdovanadate reagent 1o each flask
containing the siandards.

]

Dilute to volume with H,0 and mix well.
i
L
Le! flasks stand for 10 min to compleie color development,
¥
Read absorbance at 400 nr. Use the 0 0 slandard {btank) to zero
the speclropholometer,

_ 'lo;_s_‘ Procedure for determination of phosphorus by
colorimetry. AOAC Method 986.24. {Adapted
from (1).]

The activity coefficient is a function of ionic strength.
Ionic strength is a function of the concentration of, and
the charge on, all ions in solution.

By adjusting the ionic strength for all test samples
and standards to a nearly constant level, the Nemnst

equativon (see Chapter 7) canbe used to relate electrode
response to the concentration of the measured species.
In practice, both samples and calibrating standazrds are
adjusted to a high but constant ionic strength. An
ionic-strength adjustment buffer is used for this pur-
pose. It is a solution of neutral or noninterfering ions
that raises the total ionic strength of the solution to the
level at which the effects of other ions are canceled.
These buffers also can be used to control pH, remove
ionic interferences, and limit chemical interferences
arising from association and complexation. Thus, to
measure accurately the concentration of ionic species
using an ion-selective electrode, the following require-
ments must be met: -

1. Maintain a constant reference potential.
2. Operate a constant temperature.

3. Adjust ionic strength.

4. Adjust pH.

5. Remove electrode interferences.

6. Eliminate method interferences

10.3.6.3 Calibration Curves

In working with ion-selective electrodes it is common
practice to develop a calibration curve. The two elec-
trodes (indicator and reference) are immersed in a series
of solutions of known concentration. The electrode po-
tential (millivolts) developed in these standard solu-
tions is recorded and plotted (on semilog paper) against
the logarithms of the standard concentrations (Fig.
10-6). Upon analysis of a test sample, the observed mil-
livolt reading for the electrode potential is used to
determine the concentration by referring to the calibra-
tion curve, A

The calibration curve has a linear region at which
the electrode has a constant response to changes in con-
centration, fitting the Nernst equation (E = E° - 0.059
[ion]). Note also the nonlinear region of the curve at
low concentrations. The total ionic strength and the
concentrations of interfering ions are among the factors
that determine the lowest level of activity that can be
detected in practical applications. Exampices of calibra-
tion curves for various jons are found in Fig. 10-7.

10.3.6.4 Other lon-Selective
Electrode Methodologies

Although a calibration curve is the most commen
means of using ion-sclective electrodes, there are other
applications. For exz.ric, in a titration the ISE may be
employed to detect the cquivalence point of the titra-
tion. The ISE may be respensive to either the sample
specics (S titration) or the titrant (T titration), the latter
probably in more common use.

In the T titration, litg)e change in electrode polen-
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10-6 A typical calibration curve for ion-selective
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10-7 Examples of ion-selective electrode calibration
curves for ions important in foods. (Courtesy of
[_figure ] Phoenix Electrode Co., Houston, TX.)

tial occurs as titrant is added because it is reacting with
the sample species. However, when all of the sample
species has reacted with the titrant, a large increase in
the electrode potential occurs, revealing the equiva-
lence point of the titration (Fig. 10-8).

Finally, the method of standard addition will be
considered, as it does have application in ISE method-
ology. The electrodes (indicator and reference} are
immersed in the sample, and the initial electrode

E.mv T titration
|
1
[
]

equivalence point —a. L titrant volume, mls
4 T T ¥ 1 v ¥ 1 1 L) T
-10-8 A typical T-type titration. [From (6), used with

permission. ]

potential is determined. Then an aliquot containing a
known concentration of the measured species is added
(standard addition) to the sample, and a second mea-
surement of electrode potential is determined. These
measured values in electrode potential then may be
used to determine the concentration of the active
species in the original sample. This method may not
require the use of an ionic strength adjustment buffer.
It is of great value when only a few samples are to be
measured and time does not permit the development
of a calibration curve. It also eliminates complex
unknown background effects.

10.3.6.5 Appilications

The pH meter with both a pH scale and millivolt scale
may be used for ion-selective electrode analyses as
described previously. One simply replaces the glass
electrode for measuring pH with the ISE of choice and
follows instructions for the determination.

Some .examples of applications of ion-selective
electrodes are salt and nitrate in processed meats, salt
content of butter and cheese, calcium in milk, sodium
in low-sodium ice cream, carbon dioxide in soft drinks,
potassium and sodium levels in wine, and nitrate in
canned vegetables. An ISE method applicable to foods
containing <100 mg sodium/100 g is an official method
of AQAC International (AOAC Method 976.23). This
method employs a sedium combination ISE, pH meter,
magnetic stirrer, and a special type of graph paper for
plotting a standard curve. Obviously, there are many
other applications, but the above serve to demonstrate
the versatility of this valuable measuring tool.

A major advantage in the use of ion-selective elec-
trodes lies in the ability to measure many anions and
cations directly. Such measurements are relatively sim-
ple compared to most other analytical techniques, par-
ticularly because the pH meter may be used as the voit-
meter. Analyses are independent of sample volume
when making direct measurements, while turbidity;
color, and viscosity are all of no concern.

A major disadvantage in the use of ion-selective
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electrodes is their inability to measure below 2-3 ppm,
although there are some electrodes that are sensitive
down to 1 part per billion. At low levels of measure-
ment (below 104 M), the electrode response time is
slow. Finally some electrodes have had a high rate of
premature failure or a short operating life and possible
excessive noise characteristics.

10.4 COMPARISON OF METHODS

All minerals of concern nutritionally, for food process-
ing, and toxicologicaily cannot be assessed by any sin-
gle method with an equal degree of analytical accuracy.
For labeling, processing, and even practical nutrition,
we are concerned only with a few minerals, which gen-
erally can be analyzed by traditional methods. The tra-
ditional methods availabie for mineral analysis are var-
ied; a very limited number of examples have been
given.

Generally, for a small laboratory with skilled ana-
lytical personnel, the traditional methods can be car-
ried out rapidly, with accuracy and at minimal costs. If
a large number of samples of a specific element are to
be run there is certainly a time factor in favor of using
atomic absorption spectroscopy or emission spec-
troscopy (see Chapter 28), depending on the mineral
being analyzed. The graphite furnace on the atomic
absorption spectrophotometer is capable of sensitivity
in the parts-per-billion range. This is beyond the limits
of the traditional methods. However, for most minerals
of practical concern in the food industry, this degree of
sensitivity is not required.

Individual choice of methods for mineral analysis
must be made based on cost per analysis completed.
Equipment availability, equipment cost, analytical
time, analytical volume, and requirements for sensitiv-
ity should all be considered in making the final deci-
sion on which methods to use.

10.5 SPECIAL CONSIDERATIONS

The Nutrition Labeling and Education Act {NLEA) of
1990 has made health claims on food labels legal under
some conditions. Two minerals that are specifically
identified as relating to health claims are calcium and
sodium. Sodium analysis also is important in making
claims for low-sodium-content food items that are
being promoted for people with hypertension. Imple-
mentation of the NLEA hu:s led to a neec for more rapid
and accurate analysis of these elements. Traditiona!
methods described in this chapter can be used for qual-
ity assurance work and labeling compliance by compa-
nies with few specialized products. Methods such as
atomic absorption spectrometry and emission $pec-

trometry described in Chapter 28 are utilized com-
monly by laboratories specializing in providing large
quantities of mineral data for labeling purposes and for
compliance checks.

10.6 SUMMARY

The mineral content of water and foodstuffs is impor-
tant because of nutritional value, toxicological poten-
tial, and proper processing function and texture of
some foods. Traditional methods for mineral analysis
include gravimetric, titrimetric, and colorimetric pro-
cedures. Foods are typically ashed prior to these analy-
ses, since the methods generally require that the min-
erals be freed from the organic matrix of the foods.
Sample preparation must include steps necessary to
prevent contamination or loss of volatile elements and
must deal with any potential interferences. The basic
principles of gravimetric, titrimetric, colorimetric, and
ion-selective electrode methods for mineral analyses
are described in this chapter, with procedures given for
some minerals of concern in the food industry.

The procedures described in this chapter for min-
eral analyses generally require chemicals and equip-
ment routinely available in an analytical laboratory
and do not require expensive instrumentation. These
methods may be suited to a small laboratory wit
skilled analytical personnel and a limited number of
samples to be analyzed. Adequate quantities of sam-
ples must be available, and a high degree of sensitivity
must not be required.

Traditional methods for mineral analysis are being
kit-adapted for rapid analysis. Tests for water hardress
and the Quantab for salt determination are examples
currently being used. The basic principles invcived in
these methods will continue to be utilized to develop
inexpensive rapid methods for screening minerai con-
tent of foods and beverages.

Ion-selective electrodes (ISEs) are available for the
direct measurement of various cations and anions,
such as sodium, potassium, and calcium. It also is pos-
sible to measure dissolved gases such as ammonia and
carbon dioxide. Since the pH meter has o millivolt
scale, it may be used for such measurements by simp!v
replacing the glass electrode with the desired ISE.

10.7 STUDY QUESTIONS

1. What is the major concern in sample preparation for spe-
cific mineral analysis? How can this concerm be
aadressed?

» Ciliivm can be quantitated by gravimetric analysis,
EDTA complexometric titration, and redox titration. Dif-
?'c.'ur:!i.\:jc these techniques with regard to the principles
1INVvied,

[P
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3

10.

11.

- The Mohr and Volhard titration methods often are used

to determine the NaCl content of foods. Compare and
contrast these two methods, as vou explain the princi-
ples involved.

. In a back-titration procedure, would overshooting the

endpoint in the titration cause an over- or underestima-
tion of the compound being quantitated? Explain your
ANSWer.

. What is the function of a sample matrix standard? How

is it prepared?

. Describe analytical conditions that may call for the use of

a reagent blank.

. Explain the principles of using an jon-selective electrode

to measure the concentration of a particular inorganic
elernent in food. Explain how an ion-selective electrode
works and why electrode potential can be correlated to
concentration when one is really measuring activity and
not concentration.

- Your lab technician forgot to'add the appropriate ionic

strength adjustor (ISA) solution to samples and stan-
dards when preparing solutions for analysis with an ion-
selective electrode. Should you tell the technician to pro-
ceed with the samples as already prepared, or go back
and prepare samples and standards with ISA solution?
Explain your answer, with reference to the princples of
using an ISE to quantitate ions.

. To measure accurately the concentration of a particular

element with an ion-selective electrode, ionic strength of
the sample being analyzed is only one of the factors that
must be controlled. List the other things one must do
(i.e., factors to control, consider, or eliminate) for an accu-
rate measure of concentration by the ISE method.

You have decided to purchase an ion-selective electrode
to monitor the sodium content of foods produced by
your plant. List the advantages this would have over the
atomic absorption/emission method or the Mohr/Vol-
hard titration method. List the problems and disadvan-
tages of ISE that you should anticipate.

What factors should be considered in selecting a specific
method for mineral analysis for a food product?

10.8 PRACTICE PROBLEMS

1.

3.

If a given sample of food yields 0.750 g of silver chioride
in a gravimetric analysis, what weight of chloride is pre-
sent?

. A 10 g food sample was dried, then ashed, and analyzed

for salt (NaCl) content by the Mohr titration method
(AgNO, + CI" — AgCl). The weight of the dried sample
was 2 g, and the ashed sample weight was 0.5 g. The
entire ashed sample was titrated using a standardized
AgNO; solution. It took 6.5 ml of the AgNOQ,; solution to
reach the endpoint, as indicated by the red color of
Ag,CO, when K,CrO, was used as an indicator. The
AgNO, solution was standardized using 300 mg of dried
KCl as described in Fig. 10-3. The corrected volume of
AgNO, solution used in the titration was 0.9 ml. Calcu-
late the salt (NaCl) content of the original focd sample in
terms of percent (wt/wt) NaCl.

A 25-g food sample was dried, then ashed, and finally

analyzed for salt (NaCl) content by the Volhard Gtration

methed. The weight of the dried sample was 5 g, and the

ashed sample weighed 1 g. Then 30 ml of 0.1 N AgNO,

was added to the ashed sample, the resultant precipitate

was fltered out, and a small amount of ferric ammonium

sulfate was added to the filtrate. The filtrate was then

titrated with 3 ml of 0.1 M KSCN to a red endpoint.

a. What was the moisture content of the sample,
expressed as percent H,C (wt/wt)?

b. What was the ash content of the sample, expressed as
percent ash (wt/wt) on a dry-weight basis?

¢. ¥hat was the salt content of the original sample in
terms of percent (wt/wt) NaCl? (molecular weight
Na = 23; molecular weight Cl = 35.5)

. Compound X in a food sample was quantitated by a col-

orimetric assay. Use the following informaton and

Beer's [aw to calculate the content of Compound X in the

food sample, in terms of mg Compound X/100 g sample:

a. A 4gsample was ashed.

b. Ashed sample was dissolved with 1 ml of acid and the
volume brought to 250 ml.

¢. A0.75-ml aliquot was used in a reaction in which the
total volume of the sample to be read in the spec-
trophotometer was 50 ml.

d. Absorbance at 595 nm for the sample was 0.343.

e. The absorptvity constant for the reaction {i.e., molar
extinction coefficient) was known to be 1734 liters

gmian™.
f. Inside diameter of cuvette for spectrophotometer was
1 cm.

5. Colorimetric analysis

a. You are using a colorimetric method to determine the
concentration of Compound A in your liquid food
sample. This method allows a sampie volume of 3 ml.
This volume must be held constant but can be com-
prised of diluted standard solution and water. For
this standard curve, you need standards that contain
0, 0.25, 050, 0.75, and 1.0 mg of Compound A. Your
stock standard solution contains 5 g/liter of Com-
pound A.

Devise 2 dilution scheme(s) for preparing the sam-
ples for this standard curve that could be followed by
a lab technician. Be specific. In preparing the dilution
scheme, use no volumes tess than 0.2 ml.

b. You obtain the following absorbance values for vour

standard curve:

SAMPLE ABS (500 nm)
0.00mg 0.00
0.25 mg 0.20
0.50 mg 0.40
0.75mg Q.60
1.00mg 0.80

On a sheet of graph paper, construct a standard curve
and determine the equation of the line,

c. A S-ml sample is diluted to 500 ml, and 3 mi of this

solution is analyzed as per the standard samples; the
absorbance of 0.50 units at 500 nm. Use the equation
of the line calculated in part (b) and information
about the dilutions to calculate what the concentra-
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tion is of Compound A in your original sample in 025mg Sml xml Smg
terms of g/liter. Smi 02ml 1ml ml
x=4ml
Answers .. Dilution of 1 ml to 4 ml would give 0.25 mg in a
1. 0.2-ml sample.
: Say that you have diluted the 5 mg/ml solution by 1
xgCl 35.45 g/mole to 10. How much of this diluted sclution do vou
0750 g AgCl =143 g/mole pipette to get a concentration of 0.25 mg/5 ml (in the
total sample volume)?
x=01855gC 025mg Sml 10ml _Smg
5ml  xrml 1ml ml
2. x=05ml
0.3 g KCl . Dilution of 1 ml to 10 ml would give 0.25 mg in a
N AgNO, mi AgNO, x 74.555 g KCl/mole 0.5-mJ sample. g &
03 Using diluted stock solution of 0.25 mg/0.5 ml:
0.0%B4N = 409 ml x 74,555 2228 wxmi=10mg

(0.0984 M AgNG;) (0.0065 liter) = 0.0006396 mole Ag®
= 0.0006396 mole CI~
= 0.006396 mole NaCl

(0.0006396 mole NaCl) x SS.SmO:aCI = 0.0374 g NaCl

a 25 g wet sample - 5 g dry sample « 100 = 80%
25 g wet sampie
1gash
" 5g dry sample * 100 = 20%
¢. moles Ag added = moles CI” in sample + moles SCN‘
added
moles Ag = (0.1 mole/liter) x (0.03 liter) = 0.003 mole
moles SCN™ = (0.1 mole/liter) x {0.003 liter) - 0.0003 moie
0.003 mole Ag = moles CI” + 0.0003 mole SCN-
0.0027 mole = moles CI-

(0.0027 mole CI) x 22 NaCI = 0.1580 g NaCl

0 00632 g NaCl
g wet sample

0.1580 g NaCi
25 g wet sample

x 100

= 0.632% NaCl (wt/wt)}

4. A=abc
0.543 = (1.574 iter g em™") (1 em) ¢
€= 3.4498 x 107 g/liter
€= 3.4498 x 10~ mg/m!
3.4498 x 10~
S w50 ml = 1725 x 107 mg
1.725x 10 mg 250 m!

075ml 4g

=1437mg/g

=143.7mg/100 g
5. a. Say that you want to know what dilution to do on the
5 mg/ml stock solution to pipette 0.2 ml for the low-
est point on the standard curve (C.25 mg/5 mit What
dilution must you do?

r=2ml
etc. for 0.75,0.50, 0.25 mg

mgA/S5ml  mldiluted stock solution ml H,0
0 0 5.0
25 - : 4.3
.50 1.0 40
75 1.5 35
1.0 2.0 - 3.0
b.
1) - v ~
0 025 05 075 1
mg A/S mi
Equation of the fine:y = 0.6x + 0
c.
Asm =050 = Yy
050=08x+0
x =0.625
0.625 mg 5ml 500 mi
5wl “3ml” 5ml - 20.83 mg/ml
=20.83 g/liter
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11.1 INTRODUCTION

Carbohydrates are important in foods as a major source
of energy, as imparters of crucial physical properties,
and as modifiers of human physiological processes.
Worldwide, carbohydrates account for > 70% of the
caloric value of the human diet. [t is recommended that
all individuals should limit the calories from fat (the
other significant source) to not more than 30% and that
most of the carbohydrate calories should come from
starch. Carbohydrates provide to foods many attrib-
utes, including bulk, body, viscosity, stability to emul-
sions and foams, water-holding capacity, freeze-thaw
stability, browning, flavers, aromas, and a range of
desirable textures (from crispiness to smooth, soft gels).
Carbohydrates also provide satiety. Basic carbohydrate
structures, chemistry, and terminology can be found in
references (1) and (2). '

Primary occurrences of major carbohydrates in
foods are presented in Table 11-1. Carbohydrates are
almost exclusively of plant origin, with milk lactose
being the major exception. Of the monosaccharides
(sometimes called simple sugars), only D-glucose and
D-fructose are found in other than minor amounts.
These and other monosaccharides are the only carbo-
hydrates that can be absorbed from the small intestine.
Higher saccharides (oligo- and polysaccharides) must
first be digested, i.e., hydrolyzed to monosaccharides,
before absorption and utilization can occur. Humans
can digest only sucrose, lactose, maltooligosac-
charides, and starch. All are digested with enzymes of
the small intestine.

At least 90% of the carbohydrate in nature is in the
form of polysaccharides. As stated, starch polymers are
the only polysaccharides that humans can digest and
use as a source of calories. Other polysaccharides are
nondigestible. Nondigestible polysaccharides can be
divided into soluble and insoluble classes and, along
with lignin, make up dietary fiber (see Chapter 12). As
soluble and insoluble dietary fiber, they regulate nor-
mal bowel function, reduce the hyperglycemic re-
sponse, and may lower serum cholesterol. However,
nondigestible polysaccharides most often are added to
processed foods because of the functional properties
they impart, rather than for their physiological effect.
Nondigestible oligosaccharides serve as prebiotics and
are, therefore, increasingly common ingredients in
functional foods and neutraceuticals.

Carbohydrate analysis is important from several
perspectives. Qualitative analysis ensures that ingre-
dient labels present accurate compositional informa-
tion. Quantitative analysis ensures that added compo-
nents are listed in proper order on the ingredient label.
Quantitative analysis also ensures that labeled amounts
of specific components of consumer interest, for exam-
ple, B-glucan, are proper. Both qualitative and quanti-

tative analysis can be used to detect adulteration of
products such as fruit juices.

In this chapter, the most commonly used methods
of carbohydrate determination are presented. How-
ever, particular methods often must be made specific to
a particular food product because of the nature of the
product and the presence of other constituents. Ap-
proved methods are at least referenced, but methods -
approval has not kept pace with methods develop-
ment; so where better methods are available, they are
presented. Methods that have been in long-time use,
although not giving as much or as precise information
as newer methods, nevertheless can be useful for qual-
ity assurance and product standardization. References
(3) and (4) contain additional information on determi-

nation of food carbohydrates.

In general, evolution of analytical methods for caz-
bohydrates has followed the succession: qualitative
color tests, adaptation of the color test for reducing
sugars based on reduction of Cu?* to Cu* (Fehling test)
to quantitation of reducing sugars, qualitative paper
chromatography, quantitative paper chromatography,
gas clromatography of derivatized sugars, qualitative
and quantitative thin-layer chromatography, enzy-
matic methods, high performance liquid chromatogra-
phy. Methods employing nuclear magnetic resonance
(Chapter 30), mass spectrometry (Chapter 29), capil-
lary electrophoresis, near-infrared (NIR) spectrometry
(section 11.6.2), antibodies (immunoassays, Chapter
21), and fluorescence spectrometry (Chapter 26) have
been published, but are not yet in general use for car-
bohydrate analysis. Methods continue to evolve and be
developed.

It should be noted that, according to nutrition
labeling regulations of the United States Food and
Drug Administration, the “total carbohydrate” con-
tent of a food (Table 11-2) must be calculated by sub-
traction of the sums of the weights of crude protein,
total fat, moisture, and ash from the total weight of the
food (5), i.e,, carbohydrate is determined by difference.
The content of “other carbohydrate” (formerly called
“complex carbohydrate”) is obtained by calculating
the difference between the amount of “total carbohy-
drate” and the sum of the amounts of dietary fiber, sug-
ars, and sugar alcohol (Table 11-1), where sugars are
defined as glucose, fructose, sucrose, and lactose and
the sugar alcohol is sorbitol (5).

11.2 SAMPLE PREPARATION

Sample preparation is related to the specific raw mate-
rial, ingredient, or food product being analyzed and the
specific carbohydrate being determined, because car-
bohydrates have such a wide range of solubilities.
I-!m;rever. some generalities can be presented (Fig.
11-1).
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i1-7 §
" Some Occunences of Major Carbohydrates In Foagds
Carbohydrate Sourcé-. Constituent(s)
Monosaccharides’
0-Giucose (Dextrose) Naturally oceurring in honey, fruits, and fruit
juices. Added as a component of corn (glu-
cose) syrups and high-fructose corn syrup.
Prociuced during processing by hydrolysis
(inversion) of sucrose.
o-Fructose Naturally ocourring in honey, fruits, and fruit
juices. Added as a component of high-fruc-
tose corn syrup. Produced during processing
by hydrolysis (inversion) of sucrose.
Sugar alcohol' |
Sorbitol (D-Glucitol} Added to food products, primarily as a humec-
tant.
Disaccharides’ .
Sucrose Widely distributed in fruit and vegetabie tissues o-Glucose
and juices in varying amounts. Added sugar D-Fructose
(crystalline and liquid)
Lactose In milk and products derived frormn milk o-Galaciose
o-Glucose
Maltose In mzlt, in varying amounts in various corn (glu- p-Glucose
cose) syrups and maltodextrins
Higher oligosaccharides'’ ’
Maltooligosaccharides In varying amounts in various corn (glucose) p-Glucose
syrups and maltodextrins :
Reffinose Smal: amounts in beans o-Glucose
D-Fructose
p-Galactose
Stachyose Smz! amounts in beans o-Giucose
o-Fructose
p-Galaclose
Pelysaccharides
Starch? Wicespread in cereal grains and tubers. Added p-Glucose

Food gums/hydrocolioids?
Algins
Carboxymethyiceliuloses
Carrageenans
Guar gum
Gum arabic

Hydroxypropylmethyicelluloses

Locust bean gum
Mceihylcelluisses
Pectins

Xanthan

Cell-wall polysaccharides?
Pectin (native)
Celiviose
Hemicelluloses
B-Glucan

1o processed foods.
Added as ingredients

Naturally cccurring

)

'For analysis, see section 11.3.

*For analysis, see section 11.4.1,1,
or analysis, see section 11.4.2. .
“For compasitions, characteristics, anc appiications, see reference {2) (Tadle 11-2).
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Total Carbohydiate Contents of
Selected Foods

Chapter 11« Carbohydrale Analysis
Appropriate Percent

[_toble |
Carbohydrate

Food (wet weight basis)}

Cereals, bread, and pasta
Corn flakes 86

Granola bars, low [at 79-82
Granola bars 71-75
Macaroni, dry, enviched 75
Bread, white 50
Dairy products
Ice cream 22-27
Yogurt, plain 4.7-6.9
Milk, whoie 47
Fruits and vegetables
Applesauce, canned, sweetened 20
Grapes 16-17
Apples, raw, with skin 15
Potatoes, raw, with skin 12
Orange juice 10-11
Carrots, raw 10
Broccoli, raw 52
Tomato, tomato juice 4.2
Meat, poultry, and fish
Fish fillets, battered or breaded 17-19
Bologna and other luncheon meats 4
Chicken, broilers or fryers, breast
meat 0
Other
Honey 75-82
Milk chocolate 59
Salad dressing, pourable, fat-free 10-34
Salad dressing, pourable 3.3-22
Soft drinks, caloric 11-12
Iced tea, sweetened, bottled 7.1-11
Creamn of mushroom soup, from
condensed and canned 7.4
Light beer 3 1.3

in part from USDA Nutrient Database for Stangard Reference
Releasa 11-1 {August 1997)
hitp:/fwww.nal.usda.gov/fric/cgi-bin/nut_search.pi

For most foods, the first step.is drying, which also
can be used to determine moisture content. For other
than beverages, drying is done by placing a weighed
amount of material in a vacuum oven and drying to
constant weight at 55°C and 1 mm Hg pressure. Then,
the material is ground to a fine powder, and lipids are
extracted using 95:5 vol/vol chloroform~methanol in a
Soxhlet extractor (see Chapter 13). Prior extraction of
lipids makes extraction of carbohydrates easier and
more complete.

However, other sample preparation schemes may
be required. For example, the AOAC International
method (6) for presweetened, ready-to-eat breakfast
cereals calls for removal of fats by extraction with
petroleum ether (hexane) and extraction of sugars with

Raw matenal,
Irgredient, or
Frished product
| o
f " 1
Water Oehydrated
material
1. Grind
2.95:5 CHCI;-MeQH
Im 1
Lipids and Residue
lipid-sclukie components
80% ethanol
1
I lon exchange Resicdue
Maro- and
disaccharides
11-1 General scheme for sample preparaton and
Nigure | extraction of mono- and disaccharides.

50% ethanol (AOAC method 982.14), rather than the
method described below.

11.3 MONO- AND OLIGOSACCHARIDES

11.3.1 Extraction

Foodstuffs and food products are complex, heteroge-
neous, biological materials. Thus, it is quite likely that
they may contain substances that interfere with mea-
surement of the mono- and oligosaccharides present,
especially if a spectrophotometric method is used.
Interference may arise either from compounds that
absorb light of the same wavelength used for carbohy-
drate analysis or from insoluble, colloidal material that
scatters light. (Light scattering is measured as ab-
sorbance.} Also, the aldehyde or ketone group of the
sugar can react with other components, especially
amino groups of proteins, a reaction (the nonenzymatic
browning or Maillard reaction) that both produces
color and destroys the sugar that needs to be measured.
Even if chromatographic methods, such as HPLC (sec-
tion 11.3.4.1), are used for analysis, substances that
might ruin the column or other components of the sys-
tem must be removed first. Thus, for determination of
any mono- (glucose, fructose), di- (sucrose, lactose,
maltose), tri- (raffinose), tetra- (stachyose), or other
oligo- (maltedextrins) saccharides present, the dried,
lipid-free sample is extracted with hot 80% ethanol
(final concentration, in the presence of precipitated cal-
cium carbomate to neutralize any acidity) (AOAC
Method 922.02, 925.05). Higher oligosaccharides from
added malto- or fructooligosaccharides also may be
extracted. Carbohydrates are soluble in polar solvents.
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However, muchof the compositionofa food (other than
water) is in the form of polymers, and almost all poly-
saccharides and proteins are insoluble in hot 80%
ethanol. Thus, this extraction is rather specific. This
extraction is done by a batch process. Refluxing for 1 hr,
cooling, and filtering is standard. (A Soxhlet apparatus
with the sample in a thimble in the middle section of the

extraction unit cannot be used because aqueous ethanol

undergoes azeotropic distillation as 95% ethanol.) Ex-
traction should be done at least twice to check for and
ensure completeness of extraction. If the foodstuff or
food product is particularly acidic, for example, a low-
pH fruit, neutralization before extraction may be neces-
sary to prevent hydrolysis of sucrose, which is particu-
larly acid labile; thus, precipitated calcium carbonate is
added routinely. -

The 80% ethanol extract will contain components
other than carbohydrates, in particular ash, pigments,
organic acids, and perhaps free amino acids and low-
molecular-weight peptides. Because the mono- and
oligosaccharides are neutral and the contaminants are
charged, the contaminants can be removed by ion-
exchange techniques (see Chapter 31). Because reduc-
ing sugars can be absorbed on and isomerized by
strong anion-exchange resins in the hydroxide form, a
weak anion-exchange resin in the carbonate {CO?>,) or
hydrogencarbonate (HCO™;) form should be used.
[Reducing sugars are those mono- and oligosaccha-
rides that contain a free carbonyi (aldehyde or ketone)
group and, therefore, can act as reducing agents; see
section 11.3.3.] Because sucrose and sucrose-related
oligosaccharides are very susceptibie to acid-catalyzed
hydrolysis, the anion-exchange resin should be used
before the cation-exchange resin. However, because
the anion-exchange resin is in a carbonate or hydro-
gencarbonate form, the cation-exchange resin (in H”
form) cannot be used in a column because of CO, gen-
eration. Mixed-bed columns are not recommended for
the same reason. AOAC Method ¢31.02C reads basi-
cally as follows for clean-up of cthanol extracts: Place a
50-ml aliquot of the ethanol extract in a 250-ml Erlen-
meyer flask. Add 2 g of cation-exchange resin {acid
form) and 3 g of anion-exchange resin (hydroxide
form) (AQAC Method 931.02C). Let stand 2 hr with
occasional swirling,.

The classic method for determining sucrose con-
centration by polarimetry (section 11.6.5) requires 2
clear solution, and thus application of a clarifving
agent. In place of an ion-exchange treatment, addision
of basic lead acetate or an alternative reagent, followed
by filtration or centrifugation, is recommended (AQAC
Methods 44.1.07B, 44.2.10, 44.6.01).

The aqueous alcohol of the ethanol extract is
removed under reduced pressure vsing a rotary evapo-
rator and a temperature of 45-50°C. The residue is dis-
solved in a known, measured amount of water. Filtra-
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tion should not be required, but should be used if nec-
essary. Some methods employ a final passage through
a hydrophobic column (Sep-Pak C18 cartridge, Waters
Associates, Milford, MA) as a final clean-up step to
remove any residual lipids, proteins, or pigments, but
this should not be necessary if the lipids and lipid- .
soluble components were properly removed prior to
extraction. (Extracts may contain minor carbohydrates,
such as cyclitols and naturally occurring or added
alditols. These are not considered in sections 11.3.2 or

11.3.4)

11.3.2 Total Carbohydrate: Phenol-Sulfuric
Acid Method

11.3.2.1 Principle and Characteristics

Carbohydrates are destroyed by heat and acid. They
are particularly sensitive to strong acids and high tem-
peratures. Under these conditions, a series of complex
reactions take place, beginning with a simple dehydra-
tion reaction as shown in Equation [1]:

H H H

S N S VPGPSR
| : | :

Il
OH OH H,0 OH e

Continued heating in the presence of acid pro-
duces various furan derivatives (Fig. 11-2). These prod-
ucts then condense with themselves and other prod-
ucts to produce brown and black substances. They will
also condense with various phenolic compounds, such
as phenol, resorcinol, orcinol, a-naphthol, and nazp-
thoresorcinol, and with various nitrogen-containing
compounds, particularly nitrogen heterocycles, to pro-
duce colored compounds that are useful for carbohy-
drate analysis (3). _

The most widely used condensation is with phenol
itself (4, 7-9, AOAC Method 44.1.30). This method is
simple, rapid, sensitive, accurate, specific for carbohy-
drates, and widely applied. Virtually all classes ¢
sugars, including sugar derivatives and oligo- arn.
polysaccharides, can be determined. (Oligo- and palw-
saccharides react because they undergo hydrolvsis in
the presence of the hot, strong acid, releasing monc-
saccharides.) The reagents are inexpensive, readily
available, and stable. A stable color is produced, and
results are reproducible. Under proper conditions, the
phenol-sulfuric method is accurate to =2%.

With this method and with methods for measuring
reducing sugar content (section 11.3.3), the response is
never stoichiometric and is, in part, a function of the
structure of the sugar. Therefore, a standard curve
must be used. Ideally, the standard curve will be pre-
pered using mixtures of the sugars present in the same
rativ as they are found in the unknown. If this is not
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hexoses [see reference {1)].

possible, for example, ifa pure preparation of the sugar
being measured is not available, or if more than one
sugar is present either as free sugars in unknown pro-
portions or as constituent units of oligo- or polysaccha-
rides or mixtures of them, D-glucose is used to prepare
the standard curve. In these cases, accuracy is deter-
mined by conformity of the standard curve made with
D-glucose to the curve that would be produced from
the exact mixture of pure carbohydrates being deter-

mined. In any analysis, the concentrations used to con-

struct the standard curve must span the sample con-
centrations and beyond, i.e., all sample concentrations
must fall within the limits of the standard concentra-
tions, and both must be within the limits reported for
sensitivity of the method. If any concentrations are
greater than the upper limit of the sensitivity range,
dilutions can, and should, be used.

11.3.2.2 Ouﬂi‘ne of Procedure

1. A clear, aqueous solution of carbohydrate(s) is
pipetted into a small tube. A blank of water also
is prepared.

2. Anaqueous solution of phenol is added, and the
contents are mixed.

3. Concentrated sulfuric acid is added rapidly to
the tube so that the stream produces good mix-
ing. The tube then is agitated. (Adding the sul-
furic acid to the water produces considerable
heat.) A yellow-orange color results.

4. Absorbance is measured at 490 nm.

5. The average absorbance of the blanks is sub-
tracted, and the amount of sugar is determined
by reference to a standard curve (section
11.3.2.1).

11.3.3 Tota! Reducing Sugar
11.3.3.1 Somogyi~Nelson Method

11.3.3.1.1 Principle The most often used method to
determine amounts of reducing sugars is the Somo-
gyi-Nelson method (4, 9-12). This and other reducing
sugar methods (section 11.3.3.2) can be used in combi-
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Furan products that could arise from, in order, pentoses and hexuronic acids, hexoses, 6-deoxyhexoses, and keto-

nation with enzymatic methods (section 11.3.4.3) for
oligo- and polysaccharide determination. In these
cases, specific hydrolases are used to convert the oligo-
or polysaccharide into its constituent monosaccharide
or repeating oligosaccharide units which are measured
using a reducing sugar method.

[
R—C—H + 2 Cu(OH); — R~—~C——0O"Na* 2}
+ NaOH + Cuy,0+3H,0

The Somogyi-Nelson method is based on reduc-
tion of Cu® ions to Cu* ions by reducing sugars. The
Cu” ions then reduce an arsenomolybdate complex,
which is prepared by reacting ammonium molybdate
[(INH,)gMo;O,,] and sodium arsenate (Na,HAsO,) in
sulfuric acid. Reduction of the arsenomolybdate com-
plex produces an intense, stable, blue color that is mea-
sured spectrophotometrically. This reaction is not stoi-
chiometric and must be used with a standard curve of
the sugar(s) being determined or with D-glucose.

11.3.3.1.2 Qutiine of Procedure

1. A solution of copper(Il) suifate and an alkaline
buffer are added by pipets to a solution of
reducing sugars(s) and a water blank.

2. The resulting solution is heated in a boiling
water bath.

3. A reagent prepared by mixing solutions of
acidic ammonium molybdate and sodium arse-
nate is added.

4. After mixing, dilution, and remixing, absor-
bance is measured at 520 run.

5. After subtraction of the absorbance of the
reagent blank, the A,q, is converted into glucose
equivalents using a standard plot of micro-
grams of glucose versus absorbance (section
11.3.2.1).

11.3.3.2 Other Methods

The dinitrosalicylic acid method (13) also may be used
to measure reducing sugars naturally occurting in
foods or released by enzymes, In this reaction, 3,5-dini-
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trosalicylate is reduced to the reddish monoamine
derivative:

HC=0
| COO™Na*
HCOH OH
3HOCH + + 30H —»
HCOH O;N NO;
Saodium 3, 5-
HCOH Dinitrosalicylate
CH,OH
D-Glucose
COoO"
| COO-Nat
HCOH OH
3HOCH + + 2 Hy0
HCOH O:N NH,
Sodium 3-Amino-5-
HCOH > Qibslicyiate
CH,OH
D-Gluconate [3]

Other methods are, like the Somogyi-Nelson
method, based on reduction of copper(iI} ions in alka-
line solution to copper(l) ions that precipitate as the
brick-red oxide Cu,O. Tartrate or citrate ions are added
to keep the copper(Il) ions in solution under the alka-
line conditions.

The Munson-Walker method {AQAC Method
906.03) has various forms. The precipitate of cuprous
oxide can be determined gravimetrically (AOQAC
Method 31.039, 14th ed.), by titration with sodium
thiosulfate (AOAC Method 31.040, 14th ed.), by titra-
tion with potassium permanganate (AOAC Method
31.042, 15th ed.), by titration in the presence of methyl-
ene blue (the Lane-Eynon method; AOAC Method
923.09, 920.183b), and electrolytically (AOAC Method
31.044, 14th ed.) (4). These methods also must be used
with standard curves because each reducing sugar
reacts differently. Because assay conditions affect the
outcome, they generally also must be done by trained,

- experienced analysts so that they always are done
exactly the same way. These mcthods are still used
where specified. Although a ketone group cannot be
oxidized to a carboxylic acid group, and thus ketoses
are not reducing sugars, under the alkaline conditions
employed, ketoses are isomerized to aldoses (1), and
thus are measured as reducing sugars. However, the
response is less with ketoses, so a different standard
curve should be used if D-fructose is present.

Methods that both identify individual carbohy-
drates present and determine their amounts are pre-
ferred over general reducing sugar methods and are
described next.

11.3.4 Specific Analysis of Mono-
and Oligosaccharides

11.3.4.1 High Performance
Liquid Chromatography

High performance liquid chromatography (HPLC)
(Chapter 32) is the method of choice for analysis of
mono- and oligosaccharides and can be used for analy-
sis of polysaccharides after hydrolysis (section 11.4.2).
HPLC gives both qualitative analysis (identification of
the carbohydrate} and, with peak integration, quanti-
tative analysis. HPLC analysis is rapid, can tolerate a
wide range of sample concentrations, and provides a
high degree of precision and accuracy. HPLC requires
no prior derivatization of carbohydrates, as does gas
chromatography (section 11.3.4.2), but does require

micron-filter filtration prior to injection. Complex mix-

tures of mono- and oligosaccharides can be analyzed.
The basic principles and important parameters of
HPLC (the stationary phase, the mobile phase, and the
detector) are presented and discussed in Chapter 32.
Some details related to carbohydrate analysis are
discussed here. Specific details of methods of anal-
yses of specific food ingredients or products should
be obtained from the literature. Use of HPLC to deter-
mine soluble food carbohydrates has been tabulated

(14).

11.3.4. 1.1 Stationary Phases

1. Anion-Exchange Chromatography. Carbohy-
drates are weak acids and have pK, values in the range
12-14. In a high pH solution, some of the hydroxyl
groups of carbohydrates are ionized, allowing sugars
to be separated by anion-exchange resins. Specia! col-
umn packings have been developed for this purposc.
The general elution sequence is sugar alcohol:
{alditols), monosaccharides, disaccharides, and oligo-
saccharides.

Anion-exchange chromatography is used most
often in conjunction with electrochemicai detcction
(see Chapter 32 and section 11.3.4.1.2) Anion-exchanc¢
chromatography has been used to examine the com-
plex oligosaccharide patterns of honey (15), brewing
syrups (16). beet sugar hydrolysates (17), and orange
juice {17). The method has the advantage of being
appliceble to baseline separation within each class of
carbohydrites and of previding separation ef homolo-
gous scries of vligosaccharides into their components
(18) (Fig- 11:3).

2. Normal-Fhase Chromatography. In normal-
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11-3 High performance liquid chromatogram of the mono- and oligosaccharides of honey employing anion-exchange
[higurs ] chromatography and puised amperometric detection. [From (13}, used with permission.] Peak 1, neotrehalose; 2,
glucose; 3, fructose; 4, melibiose; 5, isomaltose, maltulose; 6, sucrose; 7, kojibiose; 8, turanose, gentiobiose; 9, plati-

nose; 10, melezitose; 11, isomaltotriose; 12, nigerose; 13, maltose, 1-kestose; 14, theanderose; 15, laminaribiose; 16,
isopanose; 17, erlose; 18, panose; 19, maltotriose; 20, laminaritriose.

phase chromatography, the stationary phase is polar
and elution is accomplished by employing a mobile
phase of increasing polarity. [t is a widely used HPLC
method for-carbohydrate analysis. Silica gel that has
been derivatized with one or more of several reagents
to incorporate amino groups is used. These so-called
amine-bonded stationary phases, that are generally
used with acetonitrile—water (50-85% acetonitrile) as
the eluent, are effective in carbohydrate separations.
The elution order is monosaccharides and sugar alco-
hols, disaccharides, and oligosaccharides. Amine-
bonded silica gel columns have been used successfully
to analyze the carbohydrate content of foods such as
honey, beverages, breakfast cereals, ice cream, cakes,
snacks, infant foods, fruits, vegetables, and meat prod-
ucts (19).

A severe disadvantage of amine-bonded silica gel
is the tendency for reducing sugars to react with the
amino groups of the stationary phase, which results in
a deterioration of column performance over time. This
situation can be partially alleviated through the use of
amine-modified silica gel columns. To prepare amine-
modified silica gel columns, small amounts of modi-
fiers, which are soluble amine compounds, are added
to the mobile phase to medify the packing in situ. The
medifier must have at least two amino groups, for one
is needed to adsorb to the silica gel and the other must
be free for th